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(57) Abstract 

The present invention relates to therapeutic methods 
and compositions employing superantigens. Methods and 
compositions employing superantigens and immunothejr 
apeutic proteins in combination with one another have 
been found to provide, more effective treatment than ei- 
ther component used alone. Superantigens, in conjunction 
wit one or more additional immunotherapeutic antigens, 
may be used to cithe^i nduce, a therapeutic tmmune^re- 
sponse directed against a target or to inhibit a disease 
causing immune response. Specific combinations ofrsu- 
perantigens and immunotherapeutic antigens arc use^lo 
treat specific diseases/ The induction (or augmentation) 
of a desired immune against a target may be used.^for 
example, to kill cancer cells or kill trie cells or an infec- 
tious agent. The inhibition of an immune response, ejg.. 
through the induction of T cell anergy, may be used; to 
reduce the symptoms of an autoimmune disease. Diseases 
that may .be treated by the methods and compositions of 
the invention include neoplastic diseases, infectious dis- 
eases, and autoimmune diseases; One-aspect of the in- 
vention is to provide methods for the treatment 4 dis- 
eases comprising the steps of administering an effective 
amount of a superantigen and an immunotherapciiff so 
as to have the desired therapeutic effect. The supe§nti- 
een and immunotherapeutic antigen may be adminisjp*ed 

Aether as a mixture. Alternatively, ug nd • • einbodjm ^ t of the Ration, the superantigen and immunotherapeutic 

Scn° KeS^ ^ f *t mvent * on * .Anoiher aspect 

or he nven ZuTlo provide methoos Tor the treatn^t of diseases comprising .the steps of ncubating a lymphocyte population ex wo a 
iSmS and an immunotherapeutic protein so ago either activate or anergic T cells within the selected population. 
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SUPERANT1GEN BASED METHODS AND COMPOSITIONS 
FOR TREATMENT OF DISEASES 



Field of the Invention: 

This invention in the field of immunology, more particularly the therapeutic use of 
superantigens. 

Background Art: 

The immune system plays a central role in both preventing and causing many 
diseases. It is of interest to provide methods and compositions for the induction of immune 
response' directed against harmful cells and viruses. Similarly, it is of interest to provide 
methods ahd compositions to inhibit unwanted immune responses in autoimmune diseases 
such as rheumatoid arthritis or transplanted organ rejection. Superantigens, such as some 
bacterial enterotbxins, have been found to have profound effects on the proliferation of T cell 
populations. The invention described herein relates to methods and compositions for using 
superantigens to exert desirable therapeutic effects on the* immune system. - iv 

Many superantigens are bacterial enterotoxins. the staphylococcal enterotoxins 
comprise a family low molecular weight proteins which share common physico-chemical 
properties. They are the .most potent T -cell mitogens known being capable of activating a 
resting T-cell population in concentrations of 10" 13 molar. Compared to a conventional antigen 
which may activate 1/3000 T-ceils, enterotoxins may evoke proliferation in up to 30% of a 
resting T-cell population.^ The enterotoxins are members of a group of proteins known as 
superantigens which share the common property of binding to t^cell Vp receptors without the 
neecj for additional diversity elements resulting in massive lymphoproliferation, cytotoxic T-cell 
generation and lymphokine secretion (Bergdoll, M.S., " Academic Press, LonBdn:P(1983), / 
Marrack, P., ei al, Science^ 248/ 750, (1990), Kotiih, B.L., et al, Advances in Immunbidgy, 
54, 99, (1993), Drake, C G:, et al, J. Clinical Imrfiunoiogy, 18, 12, (1992), Herman, A., et a!, 
Annu. Rev: lmmuhbl,: 9, 745, (1993), Scherer, M.T., et 4l, Arinu. Rev. Cell Biology, '9, 401-28, 
(1993), Terman, D.S., Cancer Research Institute, New York, NY, June (1993)). 

Recent studies have shown that several enterotbxins are capable of inducing antitumor 
effects against established rodent melanoma, iareortt^ and * carcinoma when given 
parehterajly Mokyr, M.B., et al, J. Immunology, 151, 4838; (1993), Weiner, G.J., et al, J. 
Immunology, 152, 2385, (1994), Wallgren, A:, et al, Blood, 31, 1230, 1993)^ Rubin, M., et al, J; 
Immunology, 152, 3522, (1994), Lando, P.A., et al, Cancer Immunol., Immunother., 33/ 231 ; 
(1991), Dohlsten, M., etal, Immunology, 97, 520, (1993), Dohlsten, M., et al, Pfoc: Nat. Acad. 
Sci., 88, 9287, (1991), Dohlsten, M., et al, Proc. Nat. Acad. Sci. T 91, 8945, (1994); Dohlsten, 
M., et al, Int. J. Cancer, 54, 482, (1993), Lando, PA, et al, Cancer Immunol., Immunother., 
36, 223, (1993), Penna, C, et al, Cancer Research, 54, 2738; (1 994), Kalland, T., et al, Med. 
Oncol. & Tumor Pharmacother., 10, 37, (1993), Newell, K.A., et al, Proc. Natl. Acad. Sci., 88, 
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1074 t (1991), Ochi, A., et al, J. Immunol, 151, 3180, (1993), Hedlund, G., et al, Cancer 
Immunol., Immunother., 36, 89, (1993)). 

In view of the numerous shortcomings with various currently available methods and 
compositions for the treatment of multiple neoplastic diseases, infectious disease, and 
autoimmune diseases, it of interest to provide new methods and compositions for the 
treatment of such diseases. The invention described herein relates to methods and 
compositions for using superantigens to exert desirable therapeutic effects on the immune 
system 

Summary of the Invention: 

The present invention relates to therapeutic methods and compositions employing 
superantigens. Methods and compositions employing superantigens and immunotherapeutic 
proteins in combination with one another have been found to provide more effective treatment 
than either component used alone. Superantigens, in conjunction with one or more additional 
immunotherapeutic antigens, may be used to either induce a therapeutic immune response 
directed against a target or to inhibit a disease causing immune response. Specific 
combinations of superantigens and immunotherapeutic antigens are used to treat specific 
diseases. The induction (or augmentation) of a desired immune response against; a target 
may be used, for example, to kill cancer cells or kill the cells of an infectious agent. The 
inhibition of an immune resppnse, e.g., through the induction of T cell anergy, may be used to 
reduce the symptoms of an autoimmune disease, diseases that may be treated by the. 
methods and compositions of the invention include neoplastic diseases, infectious diseases, 
and autoimmune diseases. ^ 

One aspect of the invention is to provide methods for the treatment of disease? 
comprising the steps of administering . an effective amount of a superantigen and an 
immunotherapeutic so as to have, the desired therapeutic effect. The superantigen and 
immunotherapeutic antigen may be administered together as a mixture. Alternatively, the 
superantigen and immMnptherapeutic antigen may be administered separately. In one 
embodiment of the invention, the superantigen and immunotherapeutic antigen are 
administered to the patient in the form of a immunotherapeutic antigen-superant 
of the invention. 

Another aspect, of the invention is to ;.pro 
comprising the steps of incubating a lyrr|i)hpcyte pp 30d 
an immunotherapeutic .protein so as to either activate or anergize T cells within the setected 
population. The treated lymphocytes could then be introduced into a patient so as to have the 
desired therapeutic effect. The superantigen and immunotherapeutic antigen may ; .. be 
administered together as a mixture. Alternatively, the superantigen and immunotherapeutic 
antigen may be administered separately. In one embodiment ; of the invention, the 
superantigen and immunotherapeutic antigen are incubated with the lymphocyte population in 
the form of an immunotherapeutic antigen T superantigen polymer of the invention. 
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Another aspect of the invention is to provide immunotherapeutic antigen-superantigen 
polymers that comprise a first subunit that is a superantigen and a second subunit that is an 
immunotherapeutic antigen. The first and second subunits may be joined together either 
directly or indirectly through the use of crosslinking agents. The subunits may be joined 
together either covalently or non-covalently. The invention also provide methods of making a 
immunotherapeutic aritigen-superahtigen polymer useful for the treatment of various disease 
arid immunotherapeutic antigen-superantigen polymers made by the subject methods; these 
methods involve the step of joining a superantigen and ah immurrotherapeutic protein to one 
another, especially through the use of crosslinking agents. In other embodiments of the 
invention, the immunotherapeutic antigen-superantigen polymers are recombinant chimeric 
proteins that comprise superantigen portions and immunotherapeutic antigen portions. Other 
embodiments of the invention include vectors and host cells for the recombinant production of 
the subject chimeric proteins. 

Another aspect of the invention is to provide superantigen containing formulations for 
the treatment of neoplastic diseases, infectious diseases, and autoimmune diseases. The 
subject composition comprise either (I) a mixture of a superantigen and an immunotherapeutic 
antigen or (ii) a immunqtherapeutic antigen-superantigen polymer of the invention. The 
subject formulations may further comprise carriers and excipients. The formulations of the 
invention may be adapted for a wide variety of methods of administration. In additional 
embodiments of the invention, the formulations may be encapsulated in liposomes. 

Description of the Specific Embodiments 



The present invention provides therapeutic methods 5 and compositions employing 
superantigens. the present invention relates to the discovery that methods and compositions 
employing superantigens and immunotherapeutic prbteins in combination with one another 
have been found to be more effective for disease treatment than either component used 
alone. The present invention provides compositions comprising superantigens and 
immunotherapeutic antigens useful for treating a subject with an autoimmune, infectious or a 
neoplastic disease. Preferably the superantigens; and imrnunotherapeutic are joined to each 
other in the fbrm of a polymer. Autoimmune (or other immuheV^lated diseased) which may 
be treated include but are not limited to' idiopathic thrombocytopenic purpura, rheumatoid' 
arthritis, systemic lupus erythematosus/ multiple sclerosis, transplant rejection, paraneoplastic 
syndrome, hemolytic anemia. A more complete, though not exhaustive, list of autoimmune 
diseases treatable by the present invention appears in Catalogue 1 . Tumors treatable, by this 
invention encompass carcinomas of breast, lung, colon, kidney, melanomas, lymphomas, but 
may also include any and all neoplastic processes. 

When practicing certain embodiments of the invention, the characterization of the magnitude 
and quality of the immune responses to each of these reagents facilitates the design of novel 
therapeutic compositions and methods for treating neoplastic, autoimmune and infectious 
diseases. For example, in infectious diseases and cancer it is desirable to augment T cell 
response with peptides (immunotherapeutic antigens) and superantigens or conjugates 
thereof whereas in autoimmune disease it is desirable to induce specific anergy in T cells 
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which control or suppress the autoimmune response. Anergy or sensitization of a given 
clone of T cells may be produced depending on the dose and timing of administration of the 
peptide and superantigen. The immunotherapeutic antigen-superantigen polymers of the 
invention may also be used to provide for simila r in vitro activation of T cell clones in 
autoimmune, neoplastic and infectious diseases. Alternatively, the subject immunotherapeutic 
antigen-superantigen polymers may be given parenterally to the host. Adjustments of the 
ratios of peptide to superantigen in the subject immunotherapeutic antigen-superantigen 
polymers may be used to provide for either sensitization or anergy of T cell clones as desired. 
The present invention also includes the use of superantigens conjugated to various chemicals 
such as porphyrins which may selectively localize in tumor based on their affinity for tissues 
with increased metabolic activity for use in the treatment methods of the invention. 

The terms "immunotherapeutic antigen-superantigen polymer" or "oligomer" are used 
interchangeably herein to refer to a molecular entity comprising of a first and second 
monomeric unit. The first monomer , is a superantigen. The second monomer is an 
immunotherapeutic antigen. The monomers are preferably covalently bonded, more 
preferably crosslinked. the terms "immunotherapeutic antigen-superantigen polymer" and 
"crosslinked polymer" are intended to include immunotherapeutic antigen-superantigen 
polymers in which the subunits are bonded "end to end" as well as immunotherapeutic 
antigen-superantigen , polymers that comprise randomly joined subunits. It is understood that 
such crosslinked immunotherapeutic antigen-superantigen polymers or oligomers may include 
additional atoms not native to the protein or peptide and which are derived from the 
crosslinking agent. 

In the immunotherapeutic antigen-superantigen polymers of the present invention, the 
individual monomeric , units are preferably randomly linked, such that any . given 
immunotherapeutic antigen-superantigen polymeric structure may contain a variable number 
and variable structural arrangement of monomers. However, the total amount of peptide in 
the final composition is preferably in the ranges delineated herein. 

The present invention relates to the discovery that the clinical effects of art activated T cell 
preparation are related in part to the amount of superantigen used slope or comple^e^ y/ith . 
tumor peptides. Ratios of immunotherapeutic antigens to superantigen of about 1000 (by 
weight) may be used to produce antitumor effects. . In contrast, ratios. >1000, with 
superantigen in quantities > 1 ng/ml, by, inactivating T cells may not result in antitumor effects. 
Superantigen in intermediate amounts, bebveen 1 ng/ml and 1 g/rnl may result T-ceJI 
desensitizatipn and anergy. ; Indeed, r ja^ording,tp, the present iny^ptioo, the therapeutic effect 
of immunotherapeutic antigens and superantigens for .the treatment of autoimmune diseases 
is due, in part to, the induction of T-cell anergy by enterotoxin (or other superantigens). 

The immunotherapeutic antigen-superantigen polymers may be produced by recombinant 
means, for example in the form of fusion; proteins or as products of sequentially arranged 
genes that encode a protein having more than one unit of peptide (or a fragment or derivative 
thereof) or one or more units of peptide and one or more units consisting of all or a fragment 
of : another protein such as a bacterial superantigen. Hence, immunotherapeutic antigen- 
superantigen polymers made by recombinant methods (rather than by chemical means) are 
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included herein. 

By,utiiizing purified peptides as immunotherapeutic antigens, embodiments of this invention 
may avoid the use of non-specific whole tumor cells or irradiated tumor cells. This allows for a 
more reliable immunizing preparation and avoids the use of cumbersome and heterogeneous 
cell populations, which may express a large number of surface antigens with incomplete 
expression of the desired Vp. The T-cells activated and expanded by peptide-superahtigen 
preparations are then infused into patients with cancer or autoimmune disease, the infused 
cells contain very low or minimal amounts of the superantigen. The enriched T-cells with 
tumor specificity may then target and destroy tumor cells in vivo after infusion into tumor 
bearing hosts. ~ :, 

Immunotherapeutic antigen-superantigen polymers may also be produced by 
transfecting tumor cells wilts superantigen genes to permit expression of -both tumor 
associated antigens and superantigen on the same cell surface. To further augment the 
immunogenicity of of the tumor cell, selected tumor cells, selected tumor antigen genes, as 
well as class I histocomaptability genes and B7 genes, may be cotransfeeted with the 
superantigen gene into tumor cells. 



Moreover, the present invention provides for the recbnstitution of deleted' V0 bearing T 
cell clones with stem cells' that have been genetically engineered to produce the missing Vp 
segments by transfection with Vp encoding polynucleotides in the appropriate vectors. 
Immunization of these virgin stem cells with tumor specific antigen may be used to produce a 
tumor specific T cell clone, which in turn, may be used to produce a T cell hybridoma or 
expanded T cell population. The sustained growth of selected Vp bearing clones may be 
stimulated using the appropriate superantigens. 

Superantigens 

The term "superantigen" as used herein refers broadly to those proteins that are 
generally recognized to have the properties of superantigens, e.g , the ability to stimulate 
proliferation a large set of CD4+ T cells by binding td certain Vp segments of t cell receptdrs, 
irrespective of the presence of an antigen on the T cell receptor Detailed descriptions of the 
effect of superantigens on T cells can be foundf among other places, in (Bergdoll, M.S., 
Academic Press, London. (1983), Marrack, P., et al; Science, 248: 750, (1990), Kotzin. B.L. 
et al, Advances in Immunology, 54, 99, (1993), Drake. C.G M et at, J. Clinical Immunology, 18, 
12, (1992), Herman, A., et al, Arinu. Rev. Immunol, 9, 745, (1993), Scherer. MiT;, et 'al, Anhu. 
Rev. Cell Biology, 9; 101-28, (1993), Terman, D.S., Cancer Research Institute, NewYbrkyNY, 
June (1993)). The term "superantigen" as Used herein refers hot only to naturally" beeurring ■ 
superantigens, but also to various derivatives of naturally occurring superantigens that have 
this' same effects on lymphocytes as naturally occurring superantigens. Such derivative 1 of 
naturally' occurring superantigens may readily be designed by making use of amino sequence 
homology information between known superantigens, computer-aided molecular designs- 
combinatorial design, the use of anti-idiotypic antibodies corresponding in structure to 
superantigens. and like techniques. Many bacterial enferotoxiri have been recognized to be 
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superantigens. In a preferred embodiment, one or more bacterially derived superantigens, 
preferably enterotoxin, are present in the therapeutic composition. These enterotoxins may 
be produced recombinant^, by chemical synthesis of purified from native sources, using 
methods known in the art. See, for example, Ranelli, D M. ef a/., Proc. Natl. Acad. ScL USA 
82:850-854 (1985); landolo, J.J. Annu. Rev. Microbiol. 43:375 (1989); Kappler, J.W. ef al., J. 
Exp, Med. 175:387 (1992); Rahim, A. eta/., J. Exp, Med. 1 80:61 5 (1 994;Lando, P.A. ef a/., 
Cane. Immunol. Immunother. 33:231 (1991) Dohlsten, M. et at., 88:9287 (1991); Dohlsten, M. 
ef a/., Immunology 79:520 (1 993); Dohlsten, M. Proc. Natl. Acad. Sci. USA (1994); Marrack, P. 
ef a/., Science 248:750 (1990); and Terman, D.S. et at., PCT Publication W091/1 0680 (1991). 

Various enterotoxins will activate T-cells with specific TCR Vp phenotypes. This 
relationship between the specific superantigen and the TCR Vp phenotypes should be taken 
into account when choosing specific combinationsof superantigens and immunotherapeutic 
antigens For example, SEC^ activates T-cell clones with TCR V0 phenotypes that . are 
identical to those which appear in some melanoma specific TIL (tumor infiltrating lymphocytes) 
Hence, once the specific clonality or Vp phenotype of the T-cells activated by tumor specific 
peptide has been identified,, a superantigen known to activate that Vp- phenotype" may be used 
to further enrich and expand the presensitized T-cell population. (Bergdoll, M.S., Academic 
Press, London, (1983), Marrack, P., et al, Science, 248, 750, (1990), Kotzin, B.L., et al, 
Advances in Immunology, 54, 99,( 1993), Drake, C.G., et al, J. Clinical Immunology, 18, 12, 
(1992), Herman, A., et al, Annu. Rev. Immunol., 9, 745, (1993), Scherer, M.T., et al, Annu. 
Rev. Cell Biology, 9, 101 -28, (1993)). 

Most preferr;ed superantigens are Staphylococcus atyreas enterotoxins A, B, C1, C2^. D or E ; _, 
(SEA, ySEB, SECT, SEC2, SEP, SEE). Examples of other preferred enterotoxins or 
superantigens are: Streptococcus pyogenes toxins A and C (SPE-A and SRE-G; . 
Staphylococcus aureus toxic shock syndrome-associated toxin (TSST-1); Staphylococcus 
aureus exfoliating toxins A and B (ETA and ETB) and Staphylococcus aureus alpha toxin. 
Also included are toxins from Mycoplasma arthhtides and Yersinia enterocolitis ^ Various 
enterotoxins share differing degrees of immunological relatedrtess (Bergdoll, M.S. ef al., 
Infect Immun. 4:593 (1971); Bergdoll, M.S., Enterotoxins. In: STAPHYLOCOCCI AND 
STAPHYLOCOCCI INFECTIONS, C S.F. Easmon ef al. t eds, pp T 559-598, 1983, London, 
Acadj5mic u Press; Freer, J.H. et, J. Pharmacol. Pharm. Ther. 1 9:55 (1983), Immunologic 
cross-reactivity, between SPE^A, SEB and SEC 1 suggests the presence, bf a conserved 
domain, SEA, SEB- S^C, SED, TSST-1 and the pyrogenic exotoxins share considerable DN A 
and amino ac$ sequence homology. Overall there ^re several i stretches of protein having 
similarity of Staphylococcal enterotoxins, Streptpcpccal pyrogenic 

exotoxins and Staphylococcal exfoliative toxins, the stnjctural homologies between the 
ent^irotoxins and the S pyogenes, toxins, above, apparently aire responsible for the identity of 
clinical responses to them. .These toxins induce hypotension, fever^ chills and .septic shock jn . 
humans,; .apparently by inducing cytokines such as interleukin-1 , interleukin^2, tumpr necrosis 
factors, interferons and procoagujant activity which are the prime mediators of the clinicaj. 
symptoms,, Additional agents which are candidates for use in accordance with this invention 
in place of an, enterotoxin, based upon structural homology or identity of clinical effects, gre 
gram positive .bacterial products, cell wal l bacterial cons such as peptidog lycans and 

various gram negative, bacterial components including products of MeningocQCpi r 
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Pseudomonas and E. co//. 

Various naturally occurring surface molecules, viruses and peptides may bear a striking 
sequence homology to the Staphylococcal enterotoxins to account for their superantigenic 
properties. Examples of these include the mammary tumor virus, minor lymphypcyte 
stimulating loci, naturally bccuring heat shock proteins; as well as numerous species, of 
mycoplasma and mycbbacterium, rabies nucieocapsid and Epstein-Barr virus. These peptide 
sequences with superantigenic properties may exert powerful antitumor effects similar to the 
native enterotoxins and therefore may be considered superantigens for the pupose of the., 
invention. 

Mouse mammary tumor viruses are retroviruses that are found Neither as free virus particles 
transmitted from mother to pup in milk or as integrants in mouse genomes, transmitted in the 
germ-line from parents to their progeny. MTV's each encode a superantigen (vSAG) in the 3 
long terminal repeats of their DNA. Like the bacterial superantigens, the vSAGs act by 
binding to class II molecules, then engaging the T cell receptor Vp and thus activating T cells. 
vSAG associated with any l-E class II protein react well with T cells. vSAGs are. also 
stimulatory with some i-A class II proteins/The ySAG's consist of a family of proteins 317-321 
amino acids in lenjgth which is highly conserved except for the last 30 residues; The promoter 
is contained within- the 5 LTR and contains a glucocorticoid-inducible transcriptional enhancer 
element. 

vSAG proteins contain four glycosylation sites and have a : molecular weight of .about 37K Jto 
45 K. They are transported into microsomes as type II ; transmembrane proteins, La;-. with their 
N termini in the cytoplasm arid extracellular C terminus. The C terminus is important for 
superantigen function and residues 1 90-2Q0 are partly responsible for Vp specificity. 

The : vSAG proteins can be grouped according to homology at the 3' end and these groupings 
correlate with known Vp specificities. : Five different subfamilies of vSAG have been 
discovered bearing Vp6, 7, 8.1 and 9; Vp7; Vp3; Vp5, 1 1 and 12;W Vp 14 and 15. 

Immunotherapeutic Antigens 

The term "immunotherapeutic antigen" as used herein refers to a broad range of molecuies 
that when used: in; conjunction with a superantigen in accordance with the . methods and 
corrtpdstions of the iriventidn>*can produce a desirable^therapeutic effedt^ A ? given mpl ecule is : 
said to be an "immunotherapeutic antigen" with respect to a specific disease or set of 
diseases. Immunotherapeutic antigens are usually proteins, but may belong to other classes 
of majcromolecules, such as carbohydrates, nucleic acids, and the like. Immunotherapeutic 
antigens bind to the T ceil receptors of a lymphocyte population that would either (i) produce a 
desirable therapeutic if stimulated, e.g., as in cancer treatment, or (ii) produce desirable 
therapeutic effects if anergized, e.g., as in autoimmune disease treatment. Exemplary, but, pot 
exclusive of, categories of immunotherapeutic antigens are (1 ) tumor antigens, (2) pathogenic 
organism antigens, (3) autoimmune antigens. Immunotherapeutic antigens may be obtained « 
from natural sources or from host cell genetically engineered to produce the 
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irnmunotherapeutic antigen. In embodiments of the invention employing immunotherapeutic 
antigens that are relatively small polypeptides, the immunotherapeutic antigen may be 
synthesized in vitro using techniques well known to the person skilled in the art. 

One category of immunotherapeutic antigen is the tumor antigen. The term "tumor antigen" 
refers to tumor associated antigens (TAA) and other peptides that are capable of evoking an 
immune response in the host (Reisfeld et al. Adv. Immunol . 1991). These antigens also 
include mutated products of various oncogenes and P53 genes which are expressed in tumor 
cells. Common melanoma antigens recognized by T lymphocytes have been identified and 
may be used as immunotherapeutic antigens. Five genes coding for different melanoma Ags 
have been identified. For example, MAGE 1 and 3 t expressed on melanoma and other tumor 
cells; are recognized by CTL in the context of HLA-A1 (Van der Bruggen, P., et al, Science, 
254, 1 643, (1 991 ), Gauler, B;, et al, J. Exp. Med., 179, 921 r (1994)), They were identified by 
T cell clones from peripheral blood of patients who were immunized with mutagenized tumor. 
MART-1 (identical to Melan-A) (Kawakami, Y., et al, Proc. Natl : Acad. Sci., 91, 3515, (1994), 
Coulie, P.G., et al, J. Exp: Med., 180, 35, (1994)), gpt 00 (Kawakami, Y., et al, Proc. Natl. 
Acad-vScL, 91, 6458, (1994)), and tyrosinase (Brichard, V,, et al, J. Exp, Mfed., 178, 48, 
(1993)) are melanocyte lineage-related Ags expressed on both melanoma and melanocytes, 
MART-1 and gp 1 00 have been shown to be recognized by MHC-class l-restricted CTL inthe 
context of HLA-A2, and tyrosinase in the context of HLA-A2 and HLA-A24 (Robbing P*F; ( et 
al, Cancer Res., 54, 3126, (1995). 

Another category of immunotherapeutic antigens is the autoimmune antigen. Jn many 
autoimmune diseases, lymphocyte populations expressing surface receptors (antibodies or T 
cell receptors) reactive with antigens normally found in the. body. Various antigens : and 
peptides important in stimulating autoimmune diseases have been, identified. These Jnclude 
for example myelin basic protein in multiple sclerosis, heat shock proteins and IgG V H regions 
in rheumatoid arthritis and lupus erythematosus. Another example of an autoimmune antigen 
is galactoseakl -3galactosep 1 -N-acetylglucosamine, which has been implicated in xenograft 
rejection of pig organs .by primates (se^ Collins et al; J. Immunol 154, 5500, (1995)). 

With respect to autoimmune disease, certain antigens and peptides are known to activate the 
immune response resulting in organ or tissue destruction. It is ripv^ possible ,tp identify 
clonality in T cell responses to these immunogens. Superantigens are capable of selectively 
inducing anergy in those T-cell clones especially when used in appropriate doses. Thus in 
some embodiments of th@ invention; autoimmune antigens may be used to activate, certain T- 
cell Cclbries . and; superantigens to inactivate, anergize or induce apoptosis in these r 
autoreactive T-cell clones; y 

Another category of immunotherapeutic antigens is the pathogenic organism antigen. Various 
peptides have also been found to be significant in stimulating a protective immune- response 
in infectious diseases. Immunotherapeutic antigens useful for the .treatment ,qf infectipus 
diseases may be obtained from pathogenic bacteria, viruses, and eukaryotes. For example, 
hepatitis viral peptides, HIV envelope peptides, p/asmod/^ 

are capable of protecting the host against challenge with the infectious agent from which they 
are derived: ^ 
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Anergy and Immunization: 

The invention provides methods and compositions for enhancing the in vitro stimulation by 
utilizing superantigens in conjunction with immuhotherapeutic antigens. In vitro stimulation of 
T cells through the complex of T cell-antigen receptor and CD3 alone in the absence of other 
signals,, induces T cell anergy or paralysis. T cell activation as measured by interleukin-2 
production and proliferation in vitro requires both antigenic and co-stimulatory signals 
engendered by cell to cell interactions among antigen-specific T cells and antigen presenting 
cells. Various interactions of these CD2 proteins on the T-cell surface with CD58 (LFA-3) 
proteins and antigen-presenting cells, those of CD11a/CD18 (LFA-1) proteins with CD54 
(ICAM-1 ) proteins and those of CDS proteins with CD72 proteins can impart such a co- 
stimulatorv signal in vitro . Cytokines derived from antigen-presenting cells (e.g. interleukin-1 
and interleukifv-6) can also provide co-stimulatory signals that result in T-cell 1 activation in 
vitro . The delivery of bbth antigenic and co-stimulatory signals leads to stable transcription of 
the interleukin-2 gene and other pivotal T cell-activation genes. The foregoing cd-stimulatory 
signals depend on protein kinase C and calcium. Potent antigen presenting cells. express 
CD 80 (B7 and BB i) and other related surface proteinb and many T cells express B7 binding 
proteins namely CD28 and CTLA-4 proteins. Binding of CD80 by CD28 and CTLA-4 
stimulates a T cell co-stimulatory pathway that is independent of protein kinase C and calcium 
and that also leads to stable transcription of the interleukin-2 gene arid other activation genes 
leading to.vigorous T cell proliferation. The stimulation of B cells also depends on the 
antigenic signal and co-stimulatory signal. The airitigenic signal is generated by the 
interaction between the specific aritigen arid the cell-surface immunoglobulin. T cell derived 
cytokines (e.g.7 iriterleukins 1 and 4), physical contact between T cells arid B cells through 
specific pairs pf ; receptors and co-receptors, or both provide the signal or signals essential for 
B cell stimulation. 

For ' in vitro immunization with superantigens, there is a requirement for class II molecules 
either on APCs or T cells or in purified form immobilized or solid supports; Some 
superantigens may activate T cells without requiring class II molecules and only various 
cytokines- Superantigerts may be presented in immobilized form to T cells producing a: 
proliferative response; hence bypassing 'the need for APCs. T cells may be add§d to 
superantigens in vitro followed bv APCs or superantigens rriay be added to APCs followed by 
T cells. Alternatively, the major components may be placed together simultaneously to 
produce immunization. Amplifying and co-stimulatory molecules including adhesion proteins 
(VCAM-1, ICAM-1) and B7 may be co-immobilized. In adddition, various cytokines may be 
used to amplify the T cell •response namely IL-1, IL-4 or IL-6. For, anergy induction in vitro 
superantigens may be added to T cells in the absence of APCs or co-stimulatory molecules.- 
In vivo ahergv is induced by administration of superaritigen parenterally or in the fornf of an 
adjuvant. "-: 



Functional Derivatives of Superantiqen Protein and Immunotheapeutic Antigens 

As previously discussed, the term "superantigen" refers not only to naturally occuririg 
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superantigens, but also to functional derivative thereof. Similarly, the term 
"Immunotherapeutic antigen" refers not only to naturally occuring immunotherapeutic 
antigens, but also to functional derivatives thereof. Peptide subfragments of whole 
enterotoxin molecules may be used to achieve the desired biological effect on lymphocytes 
while eliminating some of the toxic effects of the whole enterotOxiri. 

By "functional derivative" is meant a "fragment; 1 'Variant;' "homologae," "analoge," or 
"chemical derivative" of peptide or of an. enterotoxin, which terms are defined below. A 
functional derivative retains at least a portion of the function of the native protein monomer 
which permits its utility in accordance with the present invention. 

A. ,, fragment M refers to any shorter peptide. A "viariant" of refers to a molecule substantially 
similar to (either the entire protein or peptide fragment thereof, Variant peptides may be 
conveniently prepared by direct chemical synthesis of the variant peptide, using methods well- 
known in the art. 

Biologically active enterotoxin fragments are known in the art and are preferred functional 
derivatives for use in accordance with the present invention. Studies of amino acid homology 
of Streptococcal pyrogenic exotoxin and enterotoxin B have suggested that there may be 
biologically active fragments present within the whole moledule. . Indeed, cyanogen bromide 
generated toxin fragments of TSST-1 have been shown to be responsible for T lymphocyte 
mitogenicity and suppression of immunoglobulin synthesis. These functions could be 
selectively blocked by monoclonal antibodies directed to the respective fragments. Amino 
acid analysis bf th^ toxins show that they contain similar domains that m^y give rise to 
mitogenic arid emetib properties in susceptible cells. A peptide, fragment of SEC was shown 
by Sperb arid Morlock to contain the active sites for erriesis arid diarrhea. The mitpg^nic 
region resided in the C terminal tryptic fragment of SEC. An immune functional site on 
Staphylococcal enterotoxin A has been identified corresponding to residues 1-27 of SEA 
which is responsible for stimulation of T cell proliferation and induction of interferon-^. This 
SEA (1t27) sequence corresponds to Nser-Glv-Lys-Ser-Glu^ 

Lys-4-ys^er-Glu-^ and blocks SEA induced J -Cf II 

proiiferatipn and production of interferon y which was not seen vyith SEA (!28-48) peptide; 
Thus, functipnail site pn SEA responsible for modulation* of T cellfunptioh involves the N- 
terminal 27 amino acids. These molecules may interact at Neither the level of TCR or the 
binding of SEA to class II MHC antigens. 

For TSST-1 , mitogeni activity was sljown to be located on a t4 t Q^ 
generate^ toxin fragment; Other studies using proteolytic^digestipa 
demonstrated mitogeriic activity in 12 f 00Q dalton fragm 

toward COOH terminal end of holotoxin. On the other hand, non-specific mitogenicity df rabbit, 
lymphocytes demonstrated by enterotoxins A, B, and Ci was associated with the NH 2 termiriSI 
ends of the molecules. 

Carboxymethytetiori" orhistidihs residue of SEB caused a Complete loss of emetic and skin 
sensitizing activity without changing s the immunological specificity, e.g., T pell stimulating 
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activity. An anti-idiotype monoclonal antibody against the combining site of an anti-SEB 
monoclonal antibody had no enterotoxic activity but can inhibit the enterotbxic activity e g 
emetic response and diarrhea of a 10,000 molar excess of SEB. Anti-idiotype antibody also 
inhibited antibody and carboxymethylated enterotoxins may be useful tools to protect against 
the enterotoxin induced intestinal toxicity. 

A homolog refers to a natural protein, encoded by a DNA molecule from a different species, 
which shares a minimum amount of structure and thereby function with the reference protein. 
Homologues, as used herein, typically share at least about 18% sequence similarity in the 
amino acid sequence. „ 

An "analogue" refers to a non-natural molecule substantially similar to either the entire 
molecule or a fragment thereof. 

A "chemical derivative" contains additional chemical moieties not normally a part of the 
peptide. Covalent modifications of the peptide are included within the scope of this invention. 
Such modifications may be introduced into the molecule by reacting targeted amino acid 
residues of the peptide with an organic derivatizing agent that is capable of reacting with 
selected side chains or terminal residues. 

Biologically active regions of the enterotoxins and SPE-A, are substantially structurally 
homologous, thereby enabling a person skilled in the art to prepare synthetic peptides thai 
exhibit similar biological, effects in accordance with this invention (Johnson L P et al Mol 
Gen. Genet. 203:354-356 (1986)). ' . / '. ' 

A common method for evaluation sequence homology, and more importantly, for identifying ■■■ 
statistically significant similarities, is by Monte Carlo analysis using an algorithm written by 
Lipman and Pearson to obtain a Z value. According to this analysis. Z>6 indicates probable 
significance, and Z>10 is considered to be statistically significant (Pearson W R et al Proc 
Natl. Acad. Sci. USA, 85:2444-2448 (1988); Lipman, D.J. et-al., Science 227:1435-1441 
(1985)). In the present invention, synthetic peptides corresponding to peptides on the one 
harid, pr to enterotoxins are the other hand, are characterized; in that they are substantially ' 
homologous' in' amino acid sequence to superahtigen 'or an enterotoxin with statistically, 
significanr(Z>6) sequence homology and similarity to include alignment of cysteine residues 
and similar hydropathy profiles. ' ^ 

1. Variants 

One grbu|D of variants are those in which at least one amino acid residue in the peptide; 
molecule, and preferably, only one, has been/emoved and a different residue inserted in its 
place: For a detailed description of protein chemistry and structure, see Schulz, G.E. el ai . 
Principles- of Protein Structure Springer-Verlag, New York, 1978, and Creighton. T:E., 
Proteins: Structure and Molecular Properties W.H. Freeman & Co., San, Francisco, 1983, 
which are hereby incorporated by reference. The types of substitutions which may be made in 
the protein or peptide molecule of the present invention may be based on analysis of the 
frequencies of amino acid changes between a homologous protein of different species, such 
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as those presented in Table 1-2 of Schulz et al . . ( supra ) and Figure 3-9 of Creighton ( supra ). 
Based on such an analysis, conservative substitutions are defined herein as exchanges within 
one of the following five groups: 

1. Small aliphatic, nonpolar or slightly polar residues: Aia, Ser, Thr(Pro, Glyj; 

2. Polar, negatively charged residues and their amides: Asp, Asn, Glu, Gin; 

3. Polar, positively charged residues: His, Arg, Lys; 

4. Large aliphatic, nonpolar residues: Met, Leu, lie, Val (Cys); and 

5. Large aromatic residues: Phe, Tyr, Trp. 

The three amino acid residues in parentheses above have special roles in protein 
architecture. 

Most deletions and insertions, and substitutions according to the present invention are those 
which do not produce radical Changes in the characteristics of the protein or peptide; molecule. 
However/when it is difficult to predict the exact effect of the substitution, deletion or insertion 
in advance of doing so, one skilled in the art will appreciate that the effect will evaluated by 
routine screening assays, for example diriect or competitive immunoassay or biological assay 
as described herein. Modifications of such proteins or peptide properties as redox or thermal 
stability, hydrophobicity, susceptibility to proteolytic degradation or the tendency to aggregate 
with carriers or into multimers are assayed by methods well known to the oridinarily skilled 
artisan. 

In the present invention, functional derivatives of eriterotdxinsro 

synthetic polypeptides characterized by substantial structural horrid logy to enterotoxin A, 
enterotoxin B and Streptococcal pyrogenic exotoxins with statistically significant sequence 
homoldgy and similarity (e.g., Z>6 in the Lipman arid Pearson algorithm in Monte Carlo 
analysis (See above)). " ' 

2. Chemical Derivatives w 

Covalent modifications of tfie monomeric or ^polymeric forms of, superaptigens ^or 
immuhptherapeiitic antigens may be employed in the subject , compositions . . .Siich : . 
modification introduced into the mbleculd ^ reacting targeted amino acid residue? of 

the protein or peptide with an dQrahic derivatizing agent that \s, capable .of refcting; ,v«t^; 
selected side chains or terminal residues. This may be accomplished before or after 
polymerization. 

Cysteinyl residues most commonly are reacted with ,a-halpacetates (and corresppoding 
amines), such • as 2-chloroacetic acid or chlprpa . give ..carbo^methy! J:,or. . 

c^rbdxyamidorriethyl derivatives. Cysteinyl residues also are derivatized :r%r.^!^^ 
bromotrifluorbacetbne, a-brbmd-b-(5Hm^ acid, chioroacetyl phpsphiate, 0 -N- ; 

alkylmaleimides, 3-nitro-2-pyridyl disulfide, \ methyl. ; 2-^yriciyl, 
chlorbmercuribenzoate, 2-chlororhefcuri-4-nitrophenol 1 or chloro-7-nitrobenzo-2-o)ca-1 , 3- 
diazble. \" ' ■ " J ... - - 
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Histidyl residues are derivatized by reaction with diethylprocarbonate at pH 5.5-7.0 because 
this agent is relatively specific for the histidyl side chain. Para-bromophenacyl bromide also is 
useful; the reaction is preferably performed in 0. 1 M sodium cacodylate at pH 6.0. 

Lysinyl and amino terminal residues are reacted with succinic or other carboxylic acid 
anhydrides. Derivatization with these agents has the effect of reversing the charge of the 
lysinyl residues. Other suitable reagents for derivatizing a-amino-containing residues include 
imidoesters such as methyl picolinimidate; pyridoxal phosphate; pyridoxal; chloroborohydride; 
trinitrobenzenesulfonic acid; O-methylisourea; 2,4 pentanedione; and transaminase-catalyzed 
reaction with glyoxylate. 

Arginyl residues are modified by reaction with one or several conventional reagents, among 
them phehylglyoxal, 2,3-butanedione, 1 ,2-cycIohexanedione, and hinhydrin. Derivatization of 
arginine residues requires that toe reaction be performed in alkaline conditions because of; the 
high pK* of the guanidine functional group. Furthermore, these reagents may react with the 
groups of lysine as well as the arginine epsilon-amino group. : - - 

The specific modification of tyrosyl residues per se has been studied extensively, with 
particular interest in introducing spectral labels into tyrosyl residues by reaction with aromatic 
diazonium compounds or tetranitromethane. Most commonly, N-acetylimidizbl and; 
tetranitromethane are used to form O-acetyl tyrosyl species and 3-nitro derivatives, 
respectively. / 

Carboxyl side groups (aspartyl or glutamyl) are selectively modified by reaction with 
carbodiirriides as noted above. Aspartyl; and glutamyl residues are converted to asparaginyl 
and glutaminyl residues by reaction with ammonium ions. < 

Glutaminyl and asparaginyl residues may be deamidated to the corresponding glutamyl and 
aspartyl residues. Alternatively, these residues are deamidated under mildly acidic 
conditions. Either form of these residues falls within the scope oHhis invention. 

Other modifications include hydroxylation of proline and lysine, phosphorylation of hydroxyl 
growls ^ft seryUand threony! residues, rnethylation of the a-amino groups of lysine, arginine, 
and histidine side chains (T.E. Creighton, Proteins:' Structure and Molecule Properties; WMc 
Freeman & Co:, San franeiscp, pp. 79-86 (1983)), acetylation of the N-terminal amine, and, in 
some instances, amidation* of the C-terminal carboxyl groups. 

Such derivatized: moieties inay improve the solubility, absorption, biological half life, and the 
like. The moieties may alternatively eliminate or attenuate any undesirable side effect of the 
protein and the like. Moieties capable of -mediating such effects are disclosed, for example, in 
Remington's Pharmaceutical Sciences, 16th ed., Mack Publishing Co., Easton, PA (1980). 

Form and Production of tmmunotherapeutic Antiqen-Superantiqen Polymers 

The immunotherapeutie antigens and superantigens comprising the present invention may be 
in the form of an antigen-superantigen polymerias a noncovalent combination of monomers, 
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or as a mixture of monomers and polymers. The active composition of the invention can vary 
depending on the type of antigen and superantigen employed, the relative amount of each 
component in the mixture or conjugate, and the mode of conjugation used in forming the 
antigen-superantigen polymers. In one embodiment, the immunotherapeutic antigen 
molecules are directly conjugated with superantigen molecules through the use of a cross- 
linking agent able to form covalent linkages betwen the antigen and superantigen. When 
homobifunctional cross-linkers are used to effect this type of linkage, large molecular weight 
complexes may be created due to polymerization. In such cases, the size of the antigen- 
superantigen polymer may be several hundred thousand daltdns in size, and in /some 
instances, they may be even millions of daltons in size. Conjugations done using the water- 
soluble 1-ethyl-3-(3-dimethyIaminopropyl) carbodiimide (EDC).which facilitates amide bond 
formation between carboxylates and amines on proteins, can result in similar, polymeric 
conjugates •; haying molecular masses of many millions of daltons; often while maintaining 
complete splubiHty (particularly if the original monomers had good solubility properties). 
Large molecular weight polymers also may be formed if a carrier is used to attach 
immunotherapeutic antigens to superantigen molecules: If a protein is used as a carrier, the 
molecular size of such complexes will be greater than the combined mass of the. antigen plus 
superantigen monomers by the amount and mass of :carrier present. When using a large 
molecular weight carrier such as a keyhole limpet hemocyanin (KLH) that has an average 
mass of about 5 million daltons, the combined mass of the antigen-superantigen-KLH polymer 
will be even/ larger. A polymeric carrier such as periddate-oxidized dextran, which has 
numerous aldehyde coupling sites on its polysaccharide chain, can be used to form very large 
complexes by coupling multiple antigen and superantigen molecules along its length. 

In another aspect of this invention^ the antigen-superantigen conjugate may be relatively small 
in molecular mass by controlled cross-linking using heterdbifunetional reagents, for iinstance^ 
when using a heterobifunctional cross-linker like SMCC, a superantigen may be modified with 
the NHS ester end of the reagent to form amide bond derivatives of the protein that terminate 
in maleimide groups. The number of mateimide>gnoups incorporated into a superantigen may 
vary from about 1 per protein molecule to perhaps as many as 30-40 per protein molecule; 
depending on the molar ratio of SMCC-to-superantigen used in the initial modification 
reaction. Reacting a sulfhydryl-containing peptide antigen with such a maleimide^activated 
superantigen could yield conjugates containing anywhere from-about l peptide molecule per 
superantigen up to 30-40 peptides per supierantigen. In practice, the lower ratio would not be 
targeted because i statistics would dictate a large percentage of superantigen ;with no peptides 
attached (reactions. are never 100% efficient). : Similarly, the upper end of this ratio would be 
avoided, as high levels of cross-linker modification may result in loss of superantigen activity 
or precipitation. Thus, the. optimal ratio of ; peptide-to-superantigen for : this : conjugation 
scheme is somewhere; between these extremes and highly dependent on the nature of 
solubility of the antigen and superantigen making up the conjugate. v s; : : l n^-ir" 

Thus, another aspect of this invention is that polymer conjugates of antigen and superantigen 
can consist of widely different ratios of the two components depending on the rriodeidf cross- 
linking employed. When using a carrier such as periodate-oxidized dextran to form the 
peptide^superantigen conjugate there: is great facility to create low and high ratios of peptide- 
to-superantigen complexes. For instance, a peptide can be reacted- with the activated dextran 
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carrier with a superantigen added to the mixture at a very low molar ratio to form a conjugate 
with perhaps only one molecule of superantigen per 100 molecules of peptide. Even higher 
ratios of peptide-to-superantigen can be used to perpare such conjugates, thus allowing 
discrete adjustment of the enterotoxin component to avoid toxicity issues. Using a multi-valent 
carrier such as dextran to form the final immunotherapeutic polymer therefore allows the 
better potential for optimization of the activity of the conjugate than direct linking of antigen 
and superantigen. Similar to this approach is conjugation through a liposome carrier, wherein 
the antigen and superantigen are coupled to phospholipid derivatives on the vesicle surface. 
The ratio of antigen-to-superantigen used . during the coupling rdaction dictates the relative 
activity of the conjugate in the intended application. 

Thererore, the immunotherapeutic antigen-superantigen polymers described by this invention 
may have ratios of antigen-to-superantigen that vary from equivalence (1:1) to as high as 
10 :1 or even 10 :1 or as low as lO^il or even 10*:1. Each antigen-superantigen polymer is 
optimized in the ratio of components as well as in the mode of conjugation to produce a 
immunotherapeutic agent of this invention having high activity in its intended application while 
maintaining low toxicity. Such optimization js critical due to the wide variety of antigens that 
can be employed— each antigen having, its own unique physical properties and biological 
activities that must be considered when preparing the final immunotherapeutic agent. 

Peptide-superantigen polymers may be formed using conventional crosslinking agents such 
as carbodiimides. Examples of carbodiimides are 1-cyclohexyl-3-(2-morf5holinyl-(4-ethyl) 
carbodiimide (CMC), 1-ethyl-3-(3-dimethyaminopropyl) carbodiimide (EDC) and 1-ethy1-3-(4- 
azonia-4,4-dimethylpentyl) carbodiimide. Prefered crosslinking agents are selected from the 
group consisting of 1 ^yclohexyl-3-(2-morpholinyl-(4-e^ 

dimethyamiriopropyl carbodiimide (EDC) and 1 -ethyl-3-(4-azoniaM,4-dimethylpehtylj 
carbodiimide. 

Examples of other suitable crosslinking agents are cyanogen bromide, glutaraldehyde and ; 
succinic anhydride. In general any of a number of homobifuhctiohal agents including a 
hombbifunctidnai aldehyde, a homobifunctionai epoxide, a homobifurictibnal imidoester; a; 
homobifunctionai N-hydrbxysuccinimide ester, a homobifuhctionar maleimide, a< 
homobifunctionai alky I halide, a homobifunctidhal pyridyl disulfide; : -a homobifurictiohar aryl 
halide^ a homobifurictibnal hydrazide, a homobifunctionai diazoniUm derivative" arid a 
homobifunctiohal photoreactive compofiht may be used. Also included are heterbbifunctiohal 
compounds, for example, compounds having an amine-f ©active and ar sulmydryi-reacfiVe' ; 
group, compounds with art amine-reactive and a photoreactive group and compounds wUha 
carbonyl-reactive and a sulfhydryl-reactive group. ' ' 

Specific examples of such homobifunctionai crosslinking agents include the ^ bifunctional 1<f- 
hydroxysuccinimide esters dithiobis(succihimidylpropi6nate), disuccinimidyl 'subirate, and 
disuccinimidyl tartarate; the bifunctibrial imidoesters dimethyl adipimidate, dimethyl 
pimelirhidate, and dimethyl suberimidate; the Afunctional sulfhydryl-reactive crdsslinkers 1,4^ 
di-^XZ-pyridyldithio) prbpion-amidojbutane, bismaleimidohexane/and bis'-N-maleimidb-1 , 8- 
octane; the bifunctibrial aryi halides I.S^difluoro^^^initrobenzene and '4.4 , -difluorb-3,3 , - 
dinitrophenylsulfone, bifunctional photoreactive agents such as bis-(b-(4- 
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azidosalicylamido)ethyl]disulfide; the bifunctional aldehydes formaldehyde, malondialdehyde, 
succinaldehyde, glutaraldehyde, and adipaldehyde; a bifunctional epoxide such as 1,4- 
butaneodiol diglycidyl ether, the bifunctional hydrazides adipic acid dihydrazide, 
carbohydrazide, and succinic acid dihydrazide; the bifunctional diazoniums o-tdlidine, 
diazotized and bis-diazotized benzidine; the bifunctional alkylhalides N.N'-ethylene- 
bis(iodoacetamide), N.N'-hexamethylene-bisOodoacetamide), N.N'-undecamethylene- 
bis(iodoacetamide), as well as benzylhalides and halomustards, such as a,a'-diiodo-p-xylene 
sulfonic acid and tri(2-chloroethyl)amine, respectively. - : 

Examples of other common heterobifunctional cross-linking agents that may be used to effect _ 
the conjugation of superantigen molecules to immunotherapeutic antigens that are peptides 
include.but re not limited to, SMCC , 

succinimidyl-4-(N-maleimidomethyl)cyclohexane-1-carboxylate), MBS 
(m-maleimidobenzoyl-N-hydroxysuccinimide ester), SIAB 
(N-succinimidyl(4-iodoaCteyl)aminobenzoate), 
SMPB(succinimidyM-(p-maleimidophenyl)butyrate),GMBS(N-(Y- 

maleimidobut:yi7lbxy)sucdnimide ester), MPBH , 
hydrazide), M2C2H (4-(N-maleimidomethyl)cyclohexane-1 -carboxyl-hydrazide), 
SMPT(succinimidyloxycarbonyl-a-methyl-a-(2-pyridyldithio)toluene) I and SPDP (N- 
succinimidyt 3-(2-pyridyldithio)propionate). 

Crosslinking may be accomplished by coupling a carbonyl group to an amine group or to a 
hydrazide group by reductive amihation. 

Immunotherapeutic ahtigen-superantigen polymers also .may be prepared by non-coyalent 
attachment of monomers through ionic, adsorptive, or biospecific interactions. Complexes of 
peptide-superantigen with highly positively or negatively charged molecules may be done 
through salt bridge fromation under low ionic strength environments, such as in deionized 
water. Large complexes can be created using charged polymers such as poly-(L-glutamic 
acid) or pdiyKL-lysine) which contain numerous negative and posTtive charges, respectively. 
Adsorption, of peptide-superahtigen may be done to surfaces such as microparticle., latex 
beads or to. other hydrophobic polymers, forming hon-coyalently associated peptide^ 
superantigen complexes effectively mimicking crosslinked or chemically polymerized protein. 
Finally, peptide-superantigen may be non-cova|ently linked through the i use of biosp^cific 
interactions between other molecules. For instance, utilization of the strong affinity of biotin 
for proteins such as avidin or streptavidin or their derivatives could ; be used to, form, 
immunotherapeutic ^ antigep-superan%erv species. These biotin-binding proteins contain four 
binding sites that can interact with biotin in solution or, be cpva|en'tly attached to another 
molecule (Wilchek, M. et.al., Anal Biochem. 171:1-32 (1988). Superantigens or peptides can 
be modified to posses biotin groups using common biotinylation : .reagents ; such as the W? 
hydroxysuccinimidyl ester of b-biotin (NHS-biotin) which reacts with, ayailable amine, groups 
on the protein! Biotinylated superantigens or peptides then can be incubated with avidin or 
streptavidin to create large complexes, the molecular mass of such polymers can, be 
regulated through careful control of the molar ratio of biotinylated. peptide to avidin or 
streptavidin. The incorporation. of biotinylated superantigen molecules to t^js. complex, can ^ 
done as well. ' .../* ' 
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The therapeutic composition of the present invention may be prepared by crosslinking a 
mixture of peptide (or functional derivative) and a superantigen (or a functional derivative) with 
a carrier. The carrier preferably consists of a protein, a lipid or another polymer which can be 
covalently bonded to peptide (or derivative) and the superantigen. Preferred protein carriers 
include serum albumin, keyhole limpet hembcyariin, tetanus toxoid, ovalbumin, thyroglobuiin, 
diphtheria toxoid, myoglobin, immunoglobulin and purfied protein derivative of tuberculin. % 
non-protein polymer carrier may be a polysaccharide, a poly(amiho acid), a polyvinyl 
alcohol), a polyvinylpyrrolidone, a poly(acrylic acid), a polyuretharie and a polyphosphazene. 
The immuriotherapeutic antjgen-superantigen polymer may be covalently bonded to a 
liposome. ' 

Pharmaceutical Compositions and Their Preparation 

The invention provides a variety .of pharmacuetical compostions useful for practicing 
the methods of the invention: The pharmaceutical compositions of the invention may 
comprise either a (I) novel immunbtherapeutic •antigen-superantigen polymers described 
herein or a (ii) composition comprising. a superantigen ancl an immunbtherapeutic antigen in a 
formulation suitable for use in the treatment methods of the invention. Thus the compositions 
may be in the form of a lyophilized particulate rriateriah a sterile or aseptically produced 
solution, a tablet, an ampule, etc. Vehicles, such as water or other aqueous solutions 
perferabiy buffered to a physiolbQially acceptable pK (as in phosphate buffered saline^ or 
other inert solid or liquid material such as normal saline or various buffers may be present. ; 
The particular vehicle is not critical, and those skilled in the art 5 will feadily be able to 
determine suitable vehicles for use in a given embodiment of the subject methods. 

Enterotoxins are highly soluble in aqueous solutions, as are immunotherapeutic antigen- 
superantigen polymers. The immunbtherapeutic antigen-superantigen polymer or composition 
may be maintained in liquid or lyophilized form. 

In general terms, a pharmaceutical composition may , be prepared by mixing, dissolving, 
binding or otherwise combining the immunothdji^pieutic antigen-superantigen polymer of , the v 
invention with one or more water-irtsbluble or water-soluble aqueous" or non-^queo0s" 
vehicles. If necessary; another suitable additivjb of adjuvant is included. It is imperative^that 
the vehicle, carrier or excipient, as well ai the conditions for forhfiuiatihg the composition are 
such that do not adversely affect the biblbgical or pharmaceutical activity : of the 
immunotherapeutic antigen-superantigen polymer. 

•- v .•■ . "•" -• .' . .' , ■ \. j. r .? 

Administration and Methods of Use of Compositions 

The immunptherapeutib antigen-superantigen polymers and other immunotherapeutic 
antigen-superantigen compositions may be administered in predisperised unit dosage forms;' 
each one containing an effective amount of the conjugate that is preferably in the range of: 
10mg-50 mg per unit dose. The exact dosage varies from case to case and depends on 
patient's .weight and age, adiriinistration route, type of disease, toxicity and can "readily be 
determined by the skilled artisan without undue experimentation. The response to treatment 
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is monitored preferably after each dose using methods well-known in the art as well as those 
disclosed herein. The total duration of treatment and number of doses given depends on the 
response of the subject to the previous dose or doses. 

Conventional routes of administration are used. A T-cell stimulating or anergy producing 
amount (or therapeucitally effective amount as described above) of a immunotherapeutic 
antigen-superantigen polymer according to the invention is contacted with the target cells. By 
■T-cell anergy effective amount" is intended an amount which is effective in producing a 
statistically significant inhibition of a cellular activity mediated by a TCR. This may be 
assessed in vitro using T-cell activation tests. Typically T-cell anergy or activation is assayed , 
by tritiated thymidine incorporation in response to specific antigen. 

The immunotherapeutic antigen-superantigen polymers may also be used in vitro to test; 
products monitor therapy, and diagnose diseases associated with abnormal function of T-cell 
receptors or abnormal processing of antigens. Thus, for example, it is possible to test 
whether a subject has a disease or a condition amenable therapy by the immunotherapeutic 
antigen-superantigen polymers of the present invention. The subject's cells, e.g., peripheral 
blood lymphocytes or regional lymph nodes, are analyzed in vitro for TGR expression. If the 
immunotherapeutic antigen-superantigen polymer activates or inhibits TCR expression and T- 
cell proliferation, the subject is considered a candidate for a given therapy. In this way, it may 
be possible to select among various immunotherapeutic antigen-superantigen polymers for a 
size and composition range and a dose range most likely to be efficacious in_mQ. _For 
monitoring therapy with the compositions of the present invention, one would assay TCK 
expression over, time after administering the immunotherapeutic antigen-superantigen 
polymers. Additionally, cells bearing TCR would be assayed for the presence of the 
immunotherapeutic antigeri-superahtigen polymer bound to the cell surface, for example, by 
conventional immunoassay. Decreases in the relevant TCR binding or post-binding effector 
function would prognosticate; or coorborate therapeutic efficacy. Restoration of these 
functions over time wouid serve as a useful indicator of the need to prolong or reinstate 
therapy. 

For the diseases or conditions described herein, administration of the composition is typically 
parenteral, for example, by subcutaneous (sv), intravenous (iv), intra-artef ial or intramuscular 
(im) injection or infusion to a mammal, preferably a human, The immunotherapeutic antigen- 
superantigen polymer may be administered locally, regionally, systemically or a combination 
of the above to the subject to achieve a therapeutic response. 

Methods for the Treatment of Diseases 

The invention provides for a wide variety of differfit embodiments for treating diseases with a 
combination of superantigen annd immunotherapeutic antigen.. The term "treatment as usea 
herein does not refer exlusively to a cure of "a given disease, but includes any aleviation ot 
symptoms or descrease in the rate of progression of the disease. 

In one embodiment of the invention, the superantigens and immunotherapeutic antigens are 
administered directly into a patient. The superantigens and immunotherapeutic antigens may 
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be administered in numerous different combinations. The superantigens and 
immunotherapeutic antigens may be adminstered together in the form of a solution containing 
both the superantigens and immunotherapeutic antigens. Alternatively, the superantigens 
and immundtherapeutic antigens may be adminstered separately to a patient. In those 
embodiments of the subject methods in which the superantigens and immunotherapeutic 
antigens are adminstered separately, the immunotherapeutic antigen may be conjugated to a 
carrier. When the superantigens and immunotherapeutic antigens are adminstered 
separately, the time between adminstratjons may be anywhere in the range of from a few 
minutes to up to about orie week, varying in accordance with the specific disease and the 
specific combination of therapeutic agents employed. In a prefered embodiment of the 
invention/the superantigens and immunotherapeutic antigens are administered in the form of 
a immunotherapeutic antigen-superantigen polymer of the invention. 

In another embodiment of thelnvention, the superantigens and immunotherapeutic antigens 
are administered ex vivo. Ex vivo therapy is particularly advantageous because it avoids 
many of .the toxic, effects that may be associated with certain superantigens arid 
immunotherapeutic antigens. In ex vivo therapy, iymphocytes are removed from, a patient (or 
compatible donor) and exposed to a superantigen and an immunotherapeutic antigen. The 
superantigens and immunotherapeutic antigens, may be administered to the lymphocytes in 
n urn e rou s d i ff e re n t jco m b i nations . . The superantigens and immunotherapeutic antigens- may 
be adminstered " together in the form of a solution containing both the superantigens and 
immunotherapeutic antigens. Alternatively, the . superantigens and immunotherapeutic 
antigens, may be adrnpst ered separately. In those embodiments of the subject methods 
whi6H ; :tije; ;Sup^rapti§^Hs and jmrtiunotherapeutic antigens are Adminstered separately/ the 
immunotherapeutic antigen may be conjugated to a carrier. In a prefered ertibbdiment of-the 
invention, the superantigens and immunotherapeutic antigens are administered in the form of 
a immunotherapetJtic antigen-superantigen polymer of the invention. After exposure to the 
immunotherapeutic aritigeh-superantigen polymers or other • superantigen containing- 
cornpositions of the invention, the texposed lymphocytes may jptroduced into the patient: «/ 
Lymphocytes^ JFqr use in ex vivo therapy may. be either purified or not. The use of filtration on; 
suitaibl^ sorting may bePused to; obtain blood; 

cells .ehnched 

Tumoricidgl effects may be accomplished with' biologically active superantigen peptides, 
intact entero toxins' or superantigens alone or attached to iantigen presenting cells' (class II- 
MHC • HLA-DRj ajhd indlifeaied ex vivo with a ranclbm t cell population br a population which 
may have; been pfe-enriched for the appropriate V(3 receptor. The T cell population would 
have been previously exposed to TAA. The activated T bell popiiiatibn with or without bound 
enterotoxin may then be reinfused into the host. Similar tumoricidal effects may be achieved 
with enterotoxjns or fcuologically active fragments infused into a host who has had an 
"organoid" (an enriched T lymphobyte organ) implanted oh a bibdompatible maitrix and placed 
in a site in the host such as the abdominal cavity, adjacent to the liver or subcutaneously. 

A therapeutic amount of the novel peptide-superantigen composition is effective to : treat an 
autoimmune, infectious or a neoplastic disease, as described in detail below. The desired 
therapeutic amount may also be measured in'an in vitro test when the peptide-superantigen 
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immunotherapeutic antigen-superantigen polymer is added to fresh plasma. OtharJoflGB 
assays are described below. 

A method of treating a patient having autoimmune, infectious or neoplastic disease is also 
provided. The method comprises parenteral administration of a composition according to this 
invention to subject patients in need of such treatment. 

In one embodiment, the therapeutic composition is administered intravenously The 
composition can be administered once, but is preferably administered s.x to twelve^imes at 
intervals which may -range from daily administration to administration at interva^ of about one 
week to four weeks. Repeating the full treatment regimen is also comtemplated, as described 
hereinafter. 

The present invention also relates to the discovery that tumor .specific « S PW 8 *o Uin^. 
oeotides and superantigens exceeds that of either agent alone lead.ng to augmented 
Snddat responses. The fundamental discovery is that peptide sensit.zat.on may^nduce an 
acUvaS of a T-cell clone with selected TCR Vp expression. Selected superan^en^are 
capaSe of massively activating certain T-cells with defined TCR expression, certain 
Superantigens are specific for selected TCR phenotypes which are defined by their VP 
JxpressS as shown in table 1, Hehce ah^ct of ^s ^^n^J^ ^oa^ 
superantigen or superantigen mutant which is capable of massively expanding a recogn.zab.e, 
VP subset previously activated by the peptide: Hence, the initial invention involve^ the 
method ot sequential use of TAApeptides followed by superantigens to ^y^ *^ * 
clone of T-cells with defined Vp expression and tumor specificjty. This e^pand^^ne o 
tumor specific T-cells will then be reinfused into a tumqr bearing host to produce a turnonadal 
response. . . • • - ■ : - : ' r ■ v.«. - • -"• • r ' rv: ; ' ' • ■ ^ 

In another embodiment of the invention, the subject methods of treating mayju^her 
comprise the step of genetically modifying the cancer cells /nvjfro so as express one or more 
gene products that will improve the stimulation of the tumor cells by T SfPh^WS^. 
products include, but are hot limited to superantigen genes, superantigen mutant aenes 
^mor ' specific antigen /genes, class I histocompatibitty ; anfige %9^rfS e d 
histocompatibility antigens. A wide variety of vectors may be used to express ^ d es.rea 
Senl products. RrefeTab.y, such vectors are designed for the constitute ^Press.on oHhe 
gehes*of interest 

efficiency of such vectors. Suitable viral vectors include vacc n.a vectors, 
retrovirus vectors, and the like. A review ofprotocols for viral vectors can be found ^|"™rg 
olS|a;ces;:Kaijlit, ^Vectors: Gen* Th.rnnv ^nd Neuroscience Appl.cat.ons, Academ.c 
Press, San Diego (1995). : ^.^ «n -vO. vc-c- 

The specified amount of immunotherapeutic ahtigen-superanfigen polym^^^ 
2-100 ng, is added to about 700 ml of human plasma that is diluted 1:1 ^ e *™%* 6 ™^ 
solution at room temperature. Human IgG in a concentration of 500 jxg/d. (m th 700 ml total 
volume)- may also be used. The .solutions are allowed , to stand for about 1 hour 
Sn^tu^ The solutionxontainer ma^then be attached directly to an , V .nfus.on J.ne^ 
administered to the subject at a preferred rate of about 20ml/min. , _.,., v _ 
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In one embodiment, immunotherapeutic antigen-superantigen polymer is directly infused into 
a subject. The appropriate amount, preferably about 2-100 u.g, is added to about 250 ml of 
heparmized saline solution and infused iv into patients at a rate of about 20 ml/min. 

The present composition can be given one time but generally is administered six to twelve 
times.. The treatments can be performed daily but are generally carried out every two to three 
days or -as- infrequently as once a week, depending on the toxic effects observed in the 
patient. 

The present invention provides an in vitro sensitization system in which human T cells are 
sequentially exposed to a specific shared melanoma antigen or to TAA attached to HLA-A1 
followed by a bacterial superantigen. This provides art enriched and expanded T-cell clonal 
population with enhanced potency compared to a clone activated by peptide antigen alone 
Specific immunization induced by the recently identified melanoma specific antigens coupled 
with the massive lymphoproliferative expansion and Vp selectivity induced by the 
superantigens provides a reasonable predictability of producing a potent clorte 6f T cells with 
tumor specificity. Specifically, the present invention uses the capacity of superantigens to 
promote the differentiation of tumor specific effector Cells from TIL, peripheral blood 
lymphocytes -or tumor vaccine primed lymph node cells obtained from patients.with cancer 
These cells will be exposed to the TAA in vitro . Once the predominant Vp phenotype in TIL 
after the TAA stimulation is- identified, the appropriate superantigen will be selected to 
activate, enrich and expand the preimmunized T-cell clonotype. The expanded T-cell clone - 
will then be > infused into patients and antitumor, effects assessed. This invention provides ■- 
TAA and superantigen, used; sequentiall y in vitro to, produce T cell clones capable of 
producing antitumor effects in patients with advanced cancer. 

An effective dose of an enterotoxin in the therapeutic methods of this invention is . between 
about 0.001 ng and 5 ng per treatment or between about 0.01 and 100 pg/kg body weight per 
treatment. : The purity of,the enterotoxin may be assured by producing it using recombinant- 
methods; although - enterotqxins jspjated , by biochemical . means are, also included. In its 
monomeric form, an ; enterotoxin preferably shows a single band corresponding to a molecular: 
mass of 28 kDa on PAGE (under reducing conditions) and a sharp peak on HPLC. the 
enterotoxin component of the present, composition should be substantially free of other 
substances with which it, is natively associated; e.g., endotoxins, nucleases and. proteases. 

Conjugates comprising peptides and superantigens are extremely efficient in activating T-cells 
and produce a tumoricidal T-cell preparation using a one step /n y/fro culture method over 3-4 
days compared to a 7 dayjn^vitro incubation period using the sequential immunizatibrf 
protocol 

In another aspect of the present invention, the Vp repertoire of the tumor infiltrating 
lymphocytes or peripheral blood after stimulation with TAA will be assessed at various time 
before and after treatment. If a predominant Vp clonality is identified, it will be further ■■ 
enriched and expanded in vitro with appropiate superantigen and then reinfused into the 
same host. Therefore, this invention analyzes the vp repertoire of T cells in tumor sites 
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„„h nftor treatment with the TAA. If a restricted clonality is identified, this clone is 

superanUgen and reinfused into .he same has, to achieve 

additional tumor killing effects. 

EXAMPLES 

The following studies evaluated the underlying basis for the therapeutic effects .^'J*™-; 
[ox^e^ superantigens in a metastatic tumor model. More specifically, J was noted that 
Sumor sensitized lymph node cells incubated with SEB exvjyo and re.nfused .nto the host 
produced a potent tumoricidal response. 

EXAMPLE 1 

p r o.,inin a . 2 _Mmmor -Pffteacv an d Safety S tudies of Superantigen Staphylococcal 
Fnterotoxin B (SEB) 

ntravenously administered SEB and exv/vo SEB respectively. Those da^.nlNDs #4059 and 
So pertaining to anti-tumor efficacy and safety of SEB are summanzed here.n. 

noted compared to controls given IL-2 alone. , c . w.-^n 

Thisexv/vo^ 

qPBisWdws- (a) minimal amounts Of SEB were 'administered to the host b) the major . i 
S TopuSn contrTbuting to the anti-tumor effects was ^ stimulated directly byj£ 

intravenous dose in our FDA approved phase 1/2 trial. 
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We now apply the principles of this in vitro sensitization approach to human cancer patients 
using T cell stimulants coupled with superantigens. We examine the V0 phenotype of TIL 
obtained after treatment with the MART-1 antigen. If a specific Vp phenotype is observed 
then an appropriate superantigen will be used to expand that clone after which it will be 
reinfused into the same patient. 

Experimental Studies 

Staphylococcal enterotoxins form a group of structurally arid serologically distinct 
extracellular proteins of similar molecular weight. Characteristically, they have a disulfide 
loop near the middle of the molecule and. are readily soluble in water and salt- solutions. They 
are relatively resistant to proteolytic enzymes and heat (Bergdoll, M S, t Academic Press, 
London, (1983), Marrack, P., et al, Science, 248, 750, (1990)). Functional ly, the enterotoxins 
are the most powerful T-lymphocyte mitogens known, eliciting strong polyclonal proliferation 
of a large proportion of murine and human CD4* and CD8 + T cells at concentrations 10 3 lower 
than such conventional T cell mitogens as phytohemagglutinin and conconayalifi A. Thisy are 
capable of stimulating DNA synthesis, at concentrations of TO* 13 to 10 i,s M. They bind, to the 
variable region of th6 V0 segment of the T cell receptor heterodimer and their activity is 
restricted by the major histoconlpatibility complex (MHC) class II antigens. The frequency of 
murine and human T cells responding to the enterotoxins exceeds that of conventional 
peptide molecules by several orders of magnitude. A striking resemblance exists between T 
cell responses to the enterotoxins and those to the minor lymphocyte stimulating locus (Mis) 
located on chromosome 1 (Bergdoll, M.S., Academic Press, London. (1983), Marrack, P., et 
al, .Science, 248^750, 1990), Kotzin, B.L, et al, Advances in Immunology, 54, "99, (1993), 
Drake, C.G., et al, J v Clinical Immunology, 18, 12, .(1992), Herman, A , et al, Anna Rev, 
Immunol., 9,-745, (1993), Scherer, M.T., et al, Annu. Rev. Cell Biology, 9,. 101-28, (1993)). 

In .vitro studies have demonstrated that enterotoxins . are potent inducers of various 
lymphokines, in particular, IL-1, and IL-2, turgor necrosis factor and: interferon. Most recently, 
they have also been shown tb induce lymphocyte serine protease and thrombogldbuirrt' 
production: /n v/vo studies in rabbits and monkeys indicate that most of the enterotoxins are 
capable of inducing fever and hypotension; In man, several of the enterotoxins have been 
implicated in the toxic shock syndrome. Bergdoll, M.S., The Enterotoxins in Staphylococci 
anjd SJta^phylocCpcQal Infections, Easmon, C.S.F., Adlam, C. ed, Academic; Press, ' ' Londofi:"- 
1983, Marrack, P., Kappler. J., The Staphylococcal Enterotoxins and Their Relatives. 
Science , 248. 750, 1990, Kotzin, B.L, Leung, D.Y.M., Kappler, J., Marrack, P.; 
Superantigens and Their Potential Role in Human Disease. Advances in Immunology, 54, 99, 
1993, Drake, C.G., Kotzin, B.L., Superantigens: Biology, Immunology and Potential Role in 
Disease. J. Clinical Immunology, 18, 12, 1992, Herman, A., . Kappler, J.W., Marrack, P., 
Pujlen, A.M.| Superantigens: Mechanism of T-cell Stimulation and Role in Immune 
Responses. Annu, Rev. Immunol., 9, 745, 1993, Scherer,, M.T., Ignatowicz, L. f Winslow; 
G.M.,; Kappler, J. W., Marrack, P., Superantigens: Bacterial and Viral Proteins that 
Manipulate the Immune System. Annu. Rev. Cell Biology, 9, 101-28, 1993. 

Methods 
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Hinhiv Durified SEB was prepared from culture media by a combination of resin adsorption, 
ron^xchanoe ^chromatography, and gel filtration. SEB appeared as a predominant single 
bandSkDa arS^an additional weaker band at 20 kDa. SEB displayed single precipitin line 
in immunodiffusion using monospecific antisera. High performance liquid chromatography 
clrrTed out on a MAC Plus controlling a Rainin Rabbit with a Hewlett Packard 104 A Diode 
Arrav Detector and a Vyodac protein and peptide C18 column demonstrated sharp peak for 
SEB wUhouT gnificant shoulder. Amino acid analysis, performed with a Beckman 1000 unit 
showed profiles corresponding to those of known SEB standards. Vp profiles of murine 
lofonocv^es following SEB activation revealed predominantly V P 3, 8.1. 8.2 and 8 3. Punf.ed 
Ieb was devoid of endotoxin [Etoxate assay (Sigma)], alpha hemolysin, nuclease and 
Drot ease (Quanti-Cleave assay),. The SEB preparations were found to be mitogen.c in a 
tritiated thymidine assay using murine Balb/C spleen cells and demonstrated no growth on 
fluid thioglycplate medium and^oybean-casein digest. 

New Zealand white female rabbits (Elkhorn Rabbitry, Watsonville. CA) weighing 2.5-5.0 kg, 
SSlSthJwlre used for these studies. The rabbit VX-2 tumor, a card 
toSS» rabbits, was obtained from the Frederick Cancer ^f^' 1 ^ 
he National Cancer Institute, tumor fragments for inoculat.cn were obtained from VX-2 
clrcinonlas growing in the rabbit thigh. Fragments were implanted ' ntr ^ uscu,ar ^^ ; ^ 
r^hUhigh of recipient an Tumors usually appeared at the 

implantation site within two to four weeks. 

TheraDV was started only after tumors grew to a size exceeding 8 cm 3 Tumors reaching mis 
I^showe^n^spontahebui regresiiohs. For the SEB treated rabbits, the mean volume, of 
^K^ri^t of therapy was 4*8 cm 3 (ranger ^29 0^) ! or ^StS 
the mean tumor volume was 22:8 rem 3 (range: 8-53 cm 3 ). Each toxin- was dduted in sterile 
0.9% NaCI to concentration of 250 ng/ml,. filtered through a 0.45 micron ; ™* S 

administered intravenously via the central ear vein at a rate of 0.3 ml/mm oyer 3 minutes alter 
Sllg and needle were washed with 3 ml of 0.9To Nad over an add.tiona' 3 
minutes SEB was administered to seven rabbits bearing VX-2 carcinomas ,n ^ea n dose erf 
26 ug/kg (rang^. 20-30 |ig/kg) on f?2 or 3 occasions over a period of 12 days, me 
adrninisJaiion^ additior^l iniedtions of SEB was based on the ^"^™£J™* 
inje^ionirW^ 

further SEB was given,* however, additional injections were given if tumors showed no change 
. or progression. " .. 



Rabbit Carc inoma fVX-2V Model J _ . 

Five of seven animals receiving SEB showed complete tumor fertii^F^* 
animal demonstrated 96kregrBSsibn; one ahimal sh 

animals displayed no tumor recurrences while one animal had A^currence of f tf J| 
primary site Five animals with complete remissions had susta.ned t"^r re gress ons for 6-12 
weeks All six untreated control animals demonstrated tumor progression over an 80 day 
observation period with associated weight loss, inanition, anorexia and early death. 
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In 6 of 7 rabb.ts treated with SEB, complete tumor regressions were evident by day 65 after 
starting treatment without weight loss or anorexia (Figure 1 ). Remissions were sustained in 5 
animals for 6 to 12 weeks while one had a tumor recurrence at the primary site In contrast 
tumors in six untreated control animals had increased in size by 5-20 fold before day 40 ' 
Weight losses of 1-2 kg and anorexia were noted in all control animals. Three control rabbits 
died before day 40 and 3 before day 80 (Figure 1). Toxicity following SEB infusion was 
predominantly acute and self limited. It included temperature elevations of 1-4°F above 
baseline for 24-72 hours after treatment associated with anorexia and mild weight loss 
Temperatures and nutritional patterns normalized thereafter and most rabbits gained weight 
over the ensuing weeks as tumors regressed. Ibuprofen, 1 mg/kg was given subcutaneously 
every 6 hours to animals receiving SEB which reduced febrile responses exceeding 105°F 
and shortened the period of anorexia and inanition. Histologic studies of the tumor in SEB 
treated rabb.ts 48 hours after the first injection of SEB showed extensive tumoricidal effect 
associated with mixed mononuclear cell infiltration. In summary, highly purified 
staphylococcal enterotoxin B (SEB). a superantigen which activates a large proportion of T 
cells via the variable region of the Vp heterodimer, injected intravenously in a : dose of 26 
ng/kg into rabb.ts bearing large established VX-2 carcinomas (mean size: 41 'cm 3 ) induced 
complete remissions .n 6 of 7 animals. Remissions were induced within 40-80 days and 
sustained for 6 to 12 weeks in 5 of these animals. Tumor killing effects of the treatment were 
confirmed histologically. Untreated control tumors showed progressive growth and death in 
40-80 days. Toxicity included transient anorexia, fever and inanition which was attenuated by 
subcutaneous administration of Ibuprofen. The potent antitumor effect of SEB suggested that 
anti-tumor .mmun.ty may reside within tumor specific T cell subsets bearing V8 phenotypes 
which were selectively expanded and activated by SEB. These results demonstrated 
an l ^l r H ? ° f 3 knOWn su P erantj gen against large tumor burdens in animals with 
established carcinomas when given via intravenous injection. These findings suggested a 
novel role of bacterial superantigens in host natural antitumor defenses and offered a 
potentially new approach to treatment of established carcinoma. 

These studies raised several possibilities regarding the mechanisms of the tumor killing 
effects induced by SEB. We surmised that the potent antitumor effects of SEB might reside 
in a population of T lymphocytes bearing specific VB phenotypes which may have been pre- 
.mmunized mvjyo by prior exposure to tumor. Hence, the complete remissions given above 
might be due to activation of a tumor specific T cell subset expressing a selective VB 
phenotype. Augmented T cell cytotoxicity induced by superantigens and directed to 
superantigens bound to class II receptors on tumor cells and endothelium in situ would be an 
additional mechanism of tumor killing attributable to SEB. ~ ~ 
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Murine Fibrosarcoma (MCA 205/207) Model 

Employing identical lots of purified SEB that were used to induce antitumor effects in rabbits, 
antitumor efficacy was tested in the weakly immunogenic murine 205/207 sarcoma model in 
mice with established pulmonary metastases. Results of this collaborative study were 
reported in the Journal of Immunology . 152: 1277, (1994) 

The experimental system of in vitro sensitization requires removal of tumor draining lymph 
nodes from tumor bearing mice and incubation of these cells in vitro for 2 'days with SEB and 
then with IL-2 for an additional 3 days. The cells were then harvested and various cell 
volumes were injected intravenously into C57 black mice bearing MCA-205 tumors with 
extensive pulmonary metastases. Control mice were given no treatment, or IL-2 alone. 
Phenotype analysis of SEB stimulated cells revealed that virtually all were CD3 + T cells 
(>95%) while 47% were CD4* and 47.8% were CD8 t . SEB stimulated proliferation of T cells 
who showed particular VQ expression. SEB stimulated primarily VB3 and all three members of 
the Vf38 family (8.1, 8.2 and 8.3) (Table 1 ). 

TABLE 1 



VP Use of Tumor-Draining LN T Cells Stimulated With 
Anti-CD3, SEA, and SEB 

% of Total? Cells 

Tumor-Draining LN Cells 



V(J T Cells 


Fresh MCA 205 
Tumor-Draining LN 


Stimulated With 
Anri-CD3 SEA SEB 


VP2 


5.9 


13.3 


<1.0 


0 


VJJ3 


5.2 


4.4 


29.9 


3I& 


V(V5.1,5.2 


8.7 


11.6 


<1.0 


1.2 


VP6 


<1.0 


<1.0 


<1.0 


0 


. VP7v 


9.0 


8.6 


<1.0 


<1.0 


Vp8;l .;" 


52 


72\ 




4.8 


Vp8.2 


10.8 


ujJ 




15.0 


VP83 


75 


5.8 J 




19.8 


VP9 
YPll 


2.1 


2.3 


0 


0 


5.8 


7.1 


343 


2,9 




ND 


3.2 


7.4 


0 




4.4. 


4.0 


15 


<1.0 


VP14 


9.0 


6.2 


<1.0 


••••6 -; 


Vpl7 


<i.o* 


■ <io 


0 


ND 


Others 


24.4 


16.2 


20.4 


21.8 



•1 
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TABLE 2 

Generation of Therapeutic Immune Effector Cells from 
MCA 205 Tumor-Draining LN by Activation with SEB 



SEB 
(ug/ml) 


Cell 
Expansion 


Treatment 

No. Cells [n Vivo 
(xlO*) 


Mean No. 
Metastases 

(SE) 






0 




210(36) 






0 


+ 


250 


10 


3.8X 


10 




24(9) 




5 




164(27) 


2 




10 


+ 


3(2) 






5 




19(10) 


0.4 


2AX 


10 


+ 


2(1) 


5 




52(6) 



SS-TSS" 2 *ow mlt fmufa Id MCA 205 tumor draining iymph node oells were ««ac»vo 
2S, we're given «o a tumor bearing "^regard, ~ 

SEB used for stimulation. However, at a lower cell dose (5x10), cens genera 
ug/ml of SEB were most effective. 

The activation procedure also involved the culture of stimulated cells in a tow c°" c ^ 
Sm.) oHL-2 for 3 days. The antitumor reactivity of activated cells ^^^2^4" 
pTportiona. to the concentration of IL-2 from which they had 
U/ml of IL-2 appeared to be optimal. In the absence of IL-2, SEB st,m ^ e ^, L j; e; l ; e f .. able 
potenrantitumor reactivity but this culture condition resulted in decreased numbers of v.able 

cells (Table 3). - 

. TABLE 3 

Effects of IL-2 Concentration on Generation of Effector Cells 
from MCA 205 Tumor-Draining LN After SEB Stimulation 

Mean No. 

Treatment M <~*^ 

— (SE); • 




WO 98/26747 PCT/US97/23637 



The specificity of the adoptive immunotherapy mediated by SEB stimulated cells was 
examined in criss-cross experiements. Cells from lymph nodes draining MCA 205 or MCA 207 
tumors were activated and tested against pulmonary metastases established from the same 
two tumors. The results clearly demonstrate that cells derived from either the MCA 205 ort 
MCA 207 tumor mediated tumor specific effects corresponding to their sensitization during in 
vivo tumor growth. T he immune effector cells were generated from tumor sensitized pre- 
effector cells as a result of SEB stimulation (Table 4). 

To investigate the possibility that Vp3 T cells which were selectively stimulated by SEEP 
activation constituted the majority of the antitumor effects in the SEB activated cell 
population, Vp3 or Vp8 T cells were depleted with immunomagnetic bead absorption and 
monoclonal, antibody inhibition. Therapeutic efficacy was enhanced in Vp3 T cells were 
depleted and was diminished ifVp T cells were removed. These results suggested a potential 
significant regulatory interaction between Vf}3 and Vp8 in the antitumor effects and a 
preferential use of TCR genes in the immune response to autologous tumors (Table 5). 

TABLE 4 

Specificity of Adoptive Immunotherapy Mediated by 
SEB-Activated Tumor-Draining Cells 



In Vivo 



Mean No. Metastases (SE) 



Draining LN IL-2 MCA 205 MCA 207 

250 250 
+ 250 200 (32) 

MCA 205 + 4(2) 116(C) 

MCA 207 + 250 0 



TABLE 5 

Therapeutic Efficacy of SEB-activated Tumor-Draining LN 
Cells After Depletion of Either V|J3 or V(38 T Cells 



_Mean No. Metastases (SE) 



Cells Magnetic Bead Depletion mAb Inhibition 
Transferred Expl Exp2 Exp3 Exp4 

233(15) 235(10) 182(13) 250 

Whole population 133(35) 79(15) 60(14) 55(14) 

Vp3 depleted 18(7) 43(13) 6(1) 1(1) 

V{38 depleted 160(27) 137(15) 
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h i-tinn of CD4 + and CD8* using specific monoclonal antibodies administered 
^ a Sr a tter 9 adoptte transfer of effector resulted in abrogation of antitumor effecs 

-d CD8-ce..s participated in mediating tumor regress.cn. (Table 

6). ■ ' " .. ... . 

„f qfr Simulated cells to mediate tumor specific cytotoxicity' was carried 
The capa c^y of.S ^st.mula^ed pe is to m consjstently failed to demonstrate cytotoxic 
using standard 4 hour Or release assay, vve l, j ^ despite in vivo 

Sl«» immune ^elte, SEB activated cells ^ a 

direct cytotoxic effect /rLwfro (Figure 2). 

We next examined whether the SEB ~d tor ^ul^SEB 
IFN-y (Figure 3). . 



TABLE 6 



Effect of Irt Vt^ T Cell Subset Depletion on Adoptive 
Activated MCA 205 Tumor Draining LN Cells 



Mean No. Metastases (SE) 
In Vivo Administration 
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§msss£i o l Major Concjusions from Anti-Tumor Efficacy Studies 

r m e™ McTzoS muTneLcoma and ma VX-2 rabbi, carcinoma. 

(2) Entero.oxin B was capabie of inducing tumoricidal activity a. both primary and 
metastatic sites. 

, 31 Enterotoxin B induced anticancar affects by two modes of administration nameiy: 
<3) f a ") Direct intravenous injection into tumor I oeannol os £ 

into the host. 

( 4, Exotoxin B stimulated lymph effect 
( } whereas interleukin 2 alone was ineffective in the same system, 
was specific for the immunizing tumor. 

in Interferon y appeared to be the major cytokine produced by SEB stimulated tumor 
(8> d"aSVym P h node cells in contactwith specific anttgen. 

m The antitumor effect produced by SEB stimufated cells was speciftc for the tumor 
of origin used for initial stimulation. 

g .. mma rv of To- -"-»Y ^" riies of * FR ln primates 
RriBf Design of the Study 

W studies ware came, ou, in £££ of s^^"^ 
davs 1 4 and 1 1 . Each article was infused through a .cepnaire or y m a( 

Kr period via a previous* grated ol u^g oTIeB. and subsequent 
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article. Observations included daily weights, assessment of activity, urine volume, stool 
texture- general physical activity. In addition, vital signs were monitored before and at 
various intervals after administration of the test article. Blood for CBC, liver and renal 
function, electrolytes and fibrinogen was analyzed for two control periods prior to infusion and 
daily in the days following the infusions. 

Summary of Clinical Findings 

The initial studies were carried out with three Cynomolgus monkeys; The first monkey was 
given SEB-in a dose of 0.2 jag/kg intravenously, the second received 1 ^g/kg and the third 5.0 
jag/kg on days 1 and 4. Baseline control clinical parameters and serologic studies showed nb 
significant abnormalities. - 

Following the initial infusion, each of the three animals in this group developed renal failure 
with serum creatinine levels rising on the day following infusion to 2.8, 4.4 and 5.9 rhg/dl, 
respectively. Two animals given the highest dose of SEB showed hyponatremia, metaboiic 
acidemia and death within two to three days following, the infusion. An animal given a second 
infusion on day 3 died immediately thereafter, but. was in severe renal failure at the time of 
infusion. Autopsy findings in this group included fibrinous pleuritis with evident pulmonary : 
edema and multifocal hemorrhage in the lungs, gastrointestinal tract and spleen: One animal 
showed evidence of tubularnecrosis in the kidneys. 

Due to the toxicity observed in this initial study, several changes were made in the protocol for 
subsequent studies. First, the species was changed from Cynomolgus monkey to baboon. 
The reasoning was that the baboon was a larger animal and would be easier to monitor 
clinically for signs of toxicity. If toxicity was encountered, particularly with respect to kidney 
failure, intravenous fluids could readily be administered , and dehydration averted. Blood 
v pressure measurements which were difficult if not impossible tojjbtain in smaller Cynomolgus 
monkeys would be readily measurable in baboons. Finally, because of their size it was feir 
that baboons would mor v e closely approximate the human clinical condition. Accordingly, 
seven adolescent baboons were studied beginning with a dose of enterotoxin B of 0.002 jig/kg 
given intravenously on days 1 and 11. In subsequent" animals the dose of SEB was increased 
two-fold to a maximum of 0.128 ug/kg in , : the seventh baboon treated. 

Evaluation of clinical and serologic data in the baseline period before enterotoxin B infusion 
revealed that these animals were in excellent physical condition. Pertinent clinical findings 
that appeared shortly after infusion included a slight eleyatioh iri blood pressure an# pulse 
rate up to 120 minutes after infusion. Over the same time period there were minimal changes 
in respiratory rate and rectal temperature. ; Jn the ensuing days following infusion over the 
entire dose range employed, activity was generally y/ell maintained: Two animals showed 
evidence of transient anorexia and inactivity... An Additional three had loose stools and one 
had frank diarrhea. This was generally self limited lasting no more than two to three days with 
full recovery. A second infusion was carried out on day 11 and was generally associated with 
hemodynamic changes that were similar to the first infusion. , there were no sustained effects 
noted with subsequent follow-up. However, the second infusion appeared to be slightly better 
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tolerated than the first. Ibuprofen, given subcutaneously in a dose of 5 mg every 8 hours 
durino the preinfusion period, appeared to abrogate some of the anorexia and malaise that 
the animals experienced. It was the impression of the supervising veterinarian, that - the 
animals' general demeanor, activity and appetite improved following the administration of this 
drug. 

Serologically all animals showed a slight elevation of their SGOT and SGPT values following 
infusion which lasted approximately two to three days thereupon reverting to normal. There 
was no evidence of significant elevation of the serum creatinine level. Six of the seven 
baboons studied did extremely well and at the end of the 21 day observation period were 
found to be in excellent condition. Autopsy of these animals carried out at the end of the 2 day 
period failed to show any signs' of significant organ toxicity associated with the treatment. 

One animal however, died on the second day following infusion of 0.032 ng/kg.of SEB. 
Clinically the animal became anorexic and lethargic on the day following the infusion. There 
were ecchymoses, bruises and bleeding from the gums and rectum. The a™maf was found 
with fixed and dilated pupils together with labored respirations on the second day after, 
infusion His chemistries revealed an elevated serum creatinine and BUN indicative of acute 
renal failure. In addition, the SGOT, SGPT and LDH and alkaline phosphatase levels were . 
elevated and there was evidence of metabolic acidosis and hyperkalemia. Platelets-were , 
markedly decreased as was sdrum fibrinogen. Clinically, the animal died of acute renal failure 
associated with disseminated intravascular coagulation. At autopsy, hemorrhage was noted in 
the lungs, skin, adrenal and intestine with multifocal necrosis in the lymph nodes, adrenal, 
liver and kidney. Focal to diffuse and severe nephrosis was noted. 

At the conclusion of the 21 day observation period, 6 of the 7 animals were in ^excellent 
physical condition with normal appetite, stool texture and urine output. Their activity, was 
assessed as excellent and their vital signs were within normal limits. Autopsies showed no 
significant findings in these 6 baboons. _ ^ . . 



EXAMPLE 2 



The following examples outline "the therapeutic method, preparation of . compositions and 
outcomes using peptides, superantigens and peptide-superantigen conjugates. 



|. '•" IMMUNIZING CONSTRUCTS 



•.•c (a) Peptides .'/'_" ;'' /;,;•; ;/ '.; 

(b) Superantigens and superantigen mutants 
••'••(c) Peptide-superantigen conjugates and fusion proteins ^ 

(d) Tumor cells transfected with superantigens • 

The clinical protocol given 'herein describes the sequential use of tumor associated peptides 
and superantigens to stimulated cells in vitro: Once a predominant VP profile is identified 
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after peptide stimulation then a superantigen or superantigen mutant which is known to 
stimulate that particular Vp clone will be used to further expand that T cell population (Table 
7). The peptides may include any tumor associated antigen which is capable of immunizing T 
cells. 



Table 7 , 
Exogenous Bacterial Superantigehs Vp Specificity 



Toxin 


Mouse 


Human 


SEA 


1,3,10,11,17 


ND 


SEB 


7,8.1-8.3 


3,12,14,15,17,20 


SEC1 


3,8.2,8.3,11 


12 


SEC2 ■■ 


3,8.2,10.17 


.12.13.1,13.2,14,15.17.20 


SEC 3 


7,8.2 


5.12 . 


SED 


3,7,8.3,11,17 


5,12 -■' 


SEE 


11,15,17 


5.1,6.1.-6.3,8,18 


TSST-1 


15,16 


2 ' 


ExFT 


10,11,15 


2 ■.. 


SPE-A 


ND • ; 


8,124.4. 


SPE-B :( 


ND '-' 


2,8 . "-''TjJ 


SPE-C 


ND 


ND ' > ' 


MAM 


6,8.1-8.3 


17 



Moreover, the peptides may be' selected from a group such as viral hepatitis surface antigens, 
heat shock proteins, myelin basic protein. T cell anergic or stimulatory responses will occur 
based, in' part; on the strength oNhe peptide stimulus and costimulating signals jas ^elljas.lhe : 
nkture and potency of the superantigenic signal; In multiple sclerosis and rheumatoid arthritis 
induction bf an6r§y tb ? myelin basic protein and heat shock proteins respeqtiyely, may be 
desirable whereas in hepatitis arid cancer, activation of specific T cell clones may . be 
preferable. 



$ -i-t. 



An alternative approach to sequential presentation of peptide antigens and superantigen to T- 
cells would be to create chemical conjugates between the two molecules to allow for a single - 
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molecular presentation. Such a conjugate could be constructed using any of a number of 
chemical cross linking agents. Care would need to be taken to ensure that the cross linking 
did not interact with the T-ceti or the MHC binding region of the superantigen and the 
antigenic site of the tumor antigenic peptide. The peptide itself might be polymerized before 
cross linking to the purified HLA-A1 molecule and the superantigen in order to increase the 
number of available antigenic sites. 

Similarly, chemical conjugates of peptide antigens, B-7 molecules, HLA-A1, superantigen and 
MHC class II molecules (preferentially the beta chain) will be created and appropriate fusion 
proteins may be constructed since the genes for all of the structures are now available. 

Fusion proteins may consist of peptides such as tumor antigen (MART-1 for example), 
hepatitis peptides, heat shock proteins or myelin basic proteins coupled to superantigens for 
example. The genes for these agents are available and they could be transfected into high 
producing bacteria using known methodology. Considerations applicable to the chemical 
conjugates would also be relevant to fusion proteins, namely avoidance of steric hindrance of 
the antigenic and superaritigenic binding sites. 

Fusion proteins consisting of the above peptides plus class I HLA-A1 plus superantigen plus 
class II HLA antigens will be prepared by methods to be described. The purified peptides, 
HLA-A1, HLA class II and superantigens are all available and, may be used for appropriate 
chemical constructs or fusion prbteins to.be used for, in vitro dr in vivo sensitization. Peptides 
useful in autoimmune disease or chronic viral diseases may also be substituted for the 
MART-1 to induce activation of T cell clones, as in hepatitis and HIV, or anergy, as in 
rheumatoid arrthritis or multiple sclerosis. Induction of anergy or activation is related in part 
to the ddse of superantigen and presence or absence of coactiyaiing signals' 

The basic invention involves several steps and includes several stimulator constructs and 
several methods for the production of effector T cells. In step 1, the host is immunized with 
tumor antigens in the form of peptides or naked or plasmid DNA-eoding for tumor specific f 
antigens. Peptide superantigen conjugates or superantigen tumor cell trahsfectants may also 
be used, In step 2, after ihe host is immunized, usually 6 days: to 3 months after vaccination; 
T cells are obtained which are further stimulated in vitro by stimulator constructs consisting of 
tumor peptides plus superantigens given sequentially or as fusion proteins or chemical 
conjugates of tumpr peptides and superantigens or as tumor cells transfected with 
superantigen or d-Gal genes. 

Thi superantigen stimulated T cell, population may be further expan0ed in IL-2. An 
antiapbptotic'step is introduced to prevent the stimulated T cells from undesrgoing a^jvati^i 
induced (Sell death before they can be used therapeutically. ; In further steps, thf pH^ f^ttf, 
expanded T cell population containing tumor specificity and showing VP overexpression is 
extracted and transfected into an embryonic stem cell line as a means of creating a new line 
of genetically engineered T cells with tumor specificity. Moreover, the tumor specific T cell v , : 
line generated from superantigen stimulation may also be fused with a T cell thymoma to 
create a- T cell hybridoma producing a large number of tumor specific T cells with Vp bias. 
Fihally the ONA from tumor cell-superantigen trainsfectants may be extracted and used in 
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naked or plasmid form as a vaccine for immunization prior to implantation of tumor or for 
intratumoral parenteral injection into hosts with established tumors. Example 10 exemplifies 
more specific methods for producing these inventions: 

ln autoimmune disease, the autoimmune peptides and superantigens, superantigens alone 
and peptide-superantigen conjugates as provided herein are used to anergize, tolerize.or 
induce apoptosis in autoreactive T ceH clones by employing these agents in vitro and in vivo 
for T cell stimulation as given in examples 9 and 10. The basic invention involves several 
steps and includes several stimulator constructs and several methods for induction of anergy 
in autoimmune T cells. In step 1, autoimmune peptides and superantigijehs or peptide- 
superantigen conjugates or naked or plasmid DNA coding for autoimmune antigen and 
superantigens are used to immunize the host Peptide-superantigen conjugates or fusion, 
proteins may also be employe* In step 2, after primary immunization (6 days to 3 months), 
the host is further stimulated with the same reagents. This results in a state of specific 
tniprance or anergy in vivo to the immunizing peptide. 

A. Preparation of Key Peptides for Immunization or Conjugation to Superantigens 

1 . Preparation of HLA-Class U 

HLA class II OR peptides were affinity purified from an EBV^transformed (3 cell 
line LG-2 as::describecl. (Van Seyenter. ; G. A: J.Exp. Med 174, 901 (1991)). - 

2. Preparation of HLA-A1 Peptides 

For the peptide-MHC binding assays the HLA-A1 molecules are purified using 
Steinlin cells (HLA-A1 -homozygous) as a source of MHG molecules. Briefly, : 
detergent extracts of Steinlin cells are first depleted of HLA-B and -C antigens by 
irepeated passage s over a column prepared with monoclooal ahtibodyBI.23.2, , , 
which is specific for these molecules (Ferradini, L, et at, Cancer Research;^52r 
4649, (1992)). HLA-A1 molecules are subsequently purified by affinity c : o ^/ 
chromatography using an immunoadsorbent prepared with antibody W6/32, which 
recognizes all human MHC class I molecules associated to p2-microglobulin. The 
adsorbed HLA-A1 molecules are eluted from the cdtumn with. base (50 mM „ > 
diethylamirie) containing 1 % pctyl b-D-glucoside. The eluted HLA-A1 molecules 
are neutralized |nd diafyzed against phosphate-buffered saline containing 1% pctyl 
glycoside and concentrated by ultrafiltration. Purity of HLA-Ai molecules is 
determined to be >90% b^ SOS/PAGE: 

3. Preparation of MART 1 Antigen and Synthetic Peptides 

MART-1 peptides are identified on the basis of the HLA-A2.1 binding motif . .. ;v 
MART-1 27-35 peptide is synthesized by Peptide Technologies, Inc.. (Gaithersburg, 
MD). The other M ART- 1 -derived peptides (the 9-mers MART-1 22-30, MART-1 56-64, 
MART161-60, .MART195-103, MARN09-107, and'^the 10-mers: MART-120^5 and 
MART-1 27-36) are* synthesized by a solid phase method by using a multiple peptide 
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synthesizer and purified by HPLC. The relative binding of peptides to HLA-A2.1. 
or. the basis of the inhibition of binding of a radiolabeled standard peptide to 
detergent-solubilized MHC molecules, will be performed using ^anous^doses 
of the test peptides (ranging from 1 0OmM to 1 nM) coincubated with the 5-nM . 
radidabeled Hbc18-27 (FLPSDYFPSV) peptide and HLA-A2.1 heavy cha.n and 02- 
microglobulin for 2 days at room temperature in. the presence of a mrtfure of 
orotease inhibitors. The percentage of MHC-bound radioactivity will be 
determined by gel filtration and the ID50 will be calculated for each peptide. 

4 Preparation of Ganqliostde Tum or Antigens 

There is marked increase in expression of the disialoganglioside GD2 and <3D* in > 

a and neuroblastoma. Antigens -onsist^f Je GQIb^hosKte 
Containing 2 sialic acid resides) in neuroblastoma and n^ 0 ^^™ Z , 
GD2 is heavily expressed as neuroblastoma, melanoma, glioma and small ceil . 
cancer of the lung Viral transfection may lead to upregulatioh of express.on of the _ 
GD2% aTystem in tumor cells. Neutralization of virus, may lead f to downregulat.on of 
expression of this antigen system. 

Ganoliosi de Fxtraction . Packed neuroblastoma cells (1 ml) are washed extensively 
^ PBS^dhomogen ized in ch.proform:methanol(2:1 ) The ^-ree^cted 
with ch.oroform:rnethanol(1:1) and passed through a ^ te {^XSare^ 
remaining residue is again extracted with this same solvent. The extracts are i _ 
Slned. dried under nitrogen and partitioned in diisopropyl ether: n-butyl alcohol (6.4) 
and 50 ml mM NaCI. 

c Preparation of Glycoprotein T umor Antigens 

Numerous tumor glycoprotein antigens have ^^^J.^^Si^^S*Mr 
representative glycoprotein antigens from human melanoma wilt be described and tne.r 

isolation, w v - • 

6: Preparation of xenograft Antigens 

TheGaial^G^ 

aGa.) constitutes the major structure on pig cells ^^^^^^ 
and produce hyperacute xenograft rejection. These ant.gens may be isolated as, 

follows: 

Endothelial cell monolayers '^^^^^^f^^^^S'' 
NaCI, 1.0 mM MgGI 2 , 1.0MCaCI 2 , ^*W.^-*M i -J$M-J&^. : 
are then scraped from the flasks in borate buffer and Pentrrfuged a<450 x for 

10 mih. Cell membranesare then extracted ^^ esu ^ nd ^|^^^ mM 
-mM ri-bctyglucoside, 1.0 mM MqCI 2 . 1.0 M CaCi 2 , and Pf e ^^^^ 1 -° - 
pepstatiri™ 0 mM aprotinin, 10 mM leupeptid, lO.mM ant.pam. and 10 mM 
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chymostatin) for 1 h at 4° C. The porcine aortic endothelial cell membrane 
extracts are then centrifuged at 30,000 x g at 4° C for 30 min. and stored at 
80° C until used. 



! 7. Preparation of Heat Shock Proteins 

Peptides are prepared by automated simultaneous multiple peptide synthesis. The 
simultaneous multiple peptide synthesis set-up was developed using a standard 
autosampler (Gilson 221 ) as described previously. Briefly, for the concurrent synthesis 
of peptides, standard Fmoc chemistry with Pfp-activated amino acids (Dhbt for serine 
and threonine) in a sixfold molar excess and Hobt as catalyst is employed. Peptides are 
obtained as C-terminat*amides from 6 mg resin/peptide (0.33 mEq/g PAL resin, 
Millipore, Bedfore, MA). Two panels of peptides are synthesized, based on the 
sequenced os Mt hsp65 and rat hsp60. Peptides are 15-mers with 10 amino acid ? 
overlap with each adjacent peptide (i.e., residues 1-15, 6-20, 1 1-25, etc). Thus; every 
possible 1 1-mer sequence of each protein is contained within a peptide. 

For peptide solid-phase synthesiis, ah A430 peptide synthesizer (Applied 
Biosystems, Weiterstadt, FRG) was used. Shortly, 9-fluorenylmethoxycarbonyi- 
protected amino acids are used and converted to hydroxy-benzotriazbUadivated 
esters before synthesis. The first residue is coupled to p-alkoxybenzylalcohol- 
substituted poly-sterene (Bachem AG.Bubendord, Switzerland). In order to 
complete the coupling reaction double cycles are used. 9- 
Fluorenylmethoxycarbonyl groups are removed with 20% piperidine, side-chain 
protecting groups are cleaved by. 4 h treatment in 50% trifluoroacetic acid in;N,N'- 
dimethylformamide containing 10% thioahisol and 10% metacresol. After 
precipitation in t-butylethylether and repeated washing, the deprotected peptide is. 
suspended in 1.5% ammonium bicarbonate, lybphilized, -and purified by reversed 
phase HPLC (TKS ODS 120T, LKB, Grafelfing, FRG) by using a gradient of 0 to 
70% acetonitrile io (3. 1 % trifluoroacetic acid. 

8. Preparation of HIV Peptides and HIV HV9) Peptide 

Peptide Synthesis and Purification. Peptides are synthesized either manually by 
^/conventional solid-phase. methods using tBoc chemistry or on an Applied 
Biosystems 430A synthesizer and aire.arialyzed by HPLC and amino acid analysis. 
Some peptides (including RY12 and IV9) c are purified by C1 8 reverse-phase HPLC 
(Vydac 21 8TP 1 04) in aqueous trifluoroacTetic acid with a 1 %/min (or shallower) 
CH3£N gradient All peptide concentrations are measured by micro BGA 
(bicinchoninic acid) assay (Pierce), lodinations are performed by using Na I and 
a 4-to 5-fold molar excess of Na I over peptide to achieve stoichiometric 
incorporation by the lodoBead method (Pierqe). For histidine residue iodination, 
a higher pH (8.2 vs. 7.0) is used to favor imidazole ring proton dissociation. . 
lodinate.d peptide species are separated by HPLC for cytotoxicity assays. 
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Radioactivity of the HPLC eluate is monitored by using an on-line radioisotope 
detector (Beckman 170). 

Peptides prepared by solid-phase synthesis are obtained from Neosystem 
(Strasbourg, France). Sequences are given in Table 8. They are derived from 
influenza A virus proteins (Matrix, nucleoprotein, or hemagglutinin), and HIV-1 
proteins (Gag, Env, Nef, Vif, Rev, and Vpr) of the BRY isolate. Peptides Gag. 
205-219 and Gag. 265-279 are derived from the HIV-1 SF2 isolate. 



Table 8 



PEPTIDE 


SEQUENCE 


Influenza A virus ~ 




Matrix 




M.57-68 


KG ILGF VFTLTV 


M.Y+57-68 


YKGILGFVFTLTV 


NucleoDrotein 




N.147-158R" 


TYQ RTRALVTG 


N.335-349Y* 


SAAFEDLRVLSFIRGY , 


Haeitiaadlutinin 




H. 130-142 


H KJ T'N RVTAACSHE 


H.305-329 


CP KY V K Q NT LKL AT G MRNVPEK 

QTR -' • "~ ' ' ■ "■ ■•<■• 


HIV 1 




Gag.51-€5 


LETSEGCRQILGQLQ 


205-219 


ETIN EEAAEWD R V HP 


219-233 •..•?..-■*.». <. ■■ ••• 


HA G P I APG QM R E,R RG 


. --265-279 ... u. . •-. 


K R W 1 1 L G L N K I V R M Y ; - • ? 


'378-391'- ' 


W Q R G N F R N Q R K I V K ..• 


418-433 


KEG HQ M K D C T ER Q A N F 


Evn. 105-117 


HEDMSLWDQSLK 


312-327 . : . 


1 R I QRGPGRAFVTIGK, 


428-445 


F 1 NMWQ EVGKA M Y A P P 1 S 
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474-489 


RPGGGDMRDNWRSELY . 


510-521 


VVQREKRAVGIG 


584-604 


R I LAV E R Y L K DQQ L L G I W G C S 


827-843 


YVAEGTDR VI EVVQGAC R 


846-860 


RHIPRRIRQGLERIL 


Nef. 66-80 


VGFPVTPQ VPLRPMT 


79-94 


MTYKAAVDLS HFl.KEK 


113-128 ' .~ 


WIYHTQGYFP'DWQNYT 


132-147 


G V R YP L T F GWCYKLVP 


137-145 


LTFG WC YKL 


160-174. 


ENTSLLHPVSLHGMD 


Vif. 1-15 


MEN RWQ VM IVWWVD R 


25-40 


VKHHMYVSGKARGWFY 


46-60 


SPHPRISSEVHIPLG 


60-72 


GD ARLVITTYWGL 


71-85 


GLHTGERDWHLGQGV 


Rev. 1-16 


MAGRSGDSDEDLLKAV 


18-30 


LIKFLYQSNPPPN 


37-50 


ARRNRRRRWRERQR 


Vpr. 1-14 


M E Q A P E D QGR .Q R E P 


55-68 


AGVEAIIRILQQLL 


68-80 


LFIHFRIGGRHSR 



Different peptides spanning the NEF aa sequence of the Hiv-BRU isolate are 
synthesized by Neosystem (Strasbourg, France), and supplied by the "Agence 
Nationale de Recherche sur le Sida." These overlapping peptides contain nine to 16 
aa. Lyophilized peptides are diluted in RPMI 1640 (Flow Laboratories) before use. 
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g Preparation of Myelin Basic Peptides 

Guinea pig MBP is purified from brain tissue by the modified method of Deibler et al. 
Protein content and purity are checked by gel electrophoresis and amino acid analysis. 
Overlapping 20-mers of guinea pig MBP according to Martenson are synthesized in the 
and Durified on HPLC. The amino acid sequence of peptide 21-40, is 
MDHARHGFLPRHRDTGILDS. and the peptide 71-90 is SLPQKSQRSQDENPWHF. 
Residues 78 and 79 are deleted in the guinea pig sequence. 

10. Preparation of Hepatitis Peptides 



Synthetic peptides and HBV Aq ; „L ;ria 

Any 9- or 10-residue peptide that contains a leucine in the second position and a valine 
at the carboxV terminus would be an "ideal HLA-A2.1 -binding motif." A panel of 
synthetic peptides containing the ideal HLA-A2.1 -binding motif (Table 9) isprovided 
by Cytel Corporation (San Diego, CA) or purchased from Multiple Peptide •Systems 
(San Diego, Ca) or Chiron Mimotopes (Clayton, Australia). Lyophilized peptides are 
reconstituted at 20 mg/ml in DMSO (Malinckrodt, Paris, KY) and diluted to 1 mg/ml 
with RPMI 1640 medium (GIBCO< Grand Island, NY). rHBcAg is obtained from 
bacterial extracts of Escherichia coli as previously described. 



Table 9 

HBVf Derived Ideal HLA-A2.1 ^Binding Motifs 



Peptide 


Sequence 


1. HBcAg 18-27 


FLPSDFFPSV 


2. HBsAg201-210 


SLNFLGGTTV 


3. HBsAg25 1-259 


LLCLIFLLV 


4. HBsAg260-269 


LLDYQGMLPV 


5. ■ HBsAg335-343 


WLSLLVPFV 1 
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6. HBsAg338-347 


LLVPFVQWFV 


7. HBsAg348-357 


GLSPTVWLSV 


8. HBsAg378-387 


LLPIFFCLWV 



11. Preparation of Malaria Peptides 

A MAP vaccine, MAP4 (QGPGAP)4 P2P30, is synthesized using a method described 
previously and used as the immunogeh in these studies. This vaccine consists of a 
central lysine core and four branched chains, each containing the B cell epitope 
(QGPGAP)4 from the P^CSP major repeat, and two T helper epitopes, P2 and P30, 
from tetanus' toxin. A linear peptide, C(QGPGAP)2, and a recombinant protein, 
PyCS.i, are used as Ags in the ELISA. PyCS.1, which includes amino acids 64 to 321 
of the PyGSP fused to 81 amino acids from the nonstructural protein of influenza A, is 
purfied from Escherichia colt expressing this Ag by immunoaffinity chromatography 
using Navy Yoelii sporbzoite 1 (NYS1), a mAb directed against PyCSP coupled to 
cyanogen bromide-activated Sepharose 4B. 

12. Preparation of Autoahtibbdy-derived Peptides 

12HDr 15-mer overlapping peptides representing the entire VHD region sequence, of. 
rheumatoid factors antinudear antibodies and anti-DNA Mabs are prepared. A total 
of 41 1 12-mer peptides are synthesized to recapitulate the sequence of 100-1 10 amino 
acids in the VHD of mAbs! Each peptide overlapped its neighbor by all but one 
residue. Large quantities of selected 1 1-1 5-mer peptides are synthesized, using Fmoc 
chemistry; The synthetic peptides are analyzed for purity by HPLC and by mass > 
spectrometry. Each peptide chromatographs essentially as a sharp single peak. All 
purfied peptides have the expected molecular mass. -? \ 

Below are listed VHD derivied peptides from anti-DNA antibodies used as immunogens 
arid for tolerance induction (Table 10). - 

Table 10 



Spontaneous/ 
Proliferation of unprimed 
Peptide - Sequence BWF 1 T cells 



1. A6H 34-45 (p34) 


. lyiNWVKQSHGKSL 




2. A6H 58-69 (P58) 


FYNQKFKGKATL 


+ 


3. A6H 84-95 (P84) 


SEDSALYYCARD ... 




4. A6H 11-22 (P11) 


LVKPGASVKMSC 
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5. A6H 93-107 (P93) 

6. HEL 106-1 16 (P 106) 



ARDSPYYYGSSYGFA 
NAWVAWRNRCK 



13 pr oration of Stioerantiqe n anf l Suoerantiqen Mutants 

qEB Construct The SEB gene is overexpressed in Esdieri^S ^ R 

hotween the lacZ gene fragment and the, beginning or me aco y* . ^ , , , 

Sd be moved easily to other piasmids caring , Us own^abon ? 

Sdto inlroduce silent base changes whic^roduoe. useful restncUpn sites 

the 5' -end of the gene. r " :; 

n^naratinn nf SEB Mutants. SEB mutants WPJ^^I^J^^i^ 

combined and Coned into P TZ18R as above . «c ' "J**^^ 

mutant SEB as described below (BR ""f^^^^S^SS^^ to stimulate T 

screened, 10 are identified reduction in 

cells. Low concentrations of dCTP and dGTP were ^ed as wen, d 

product resulted and-no mutants were detected '" ^i^SSed 

second PCR method is used to introduce random mutahcms in 60 ^75 base <£tm 

regions of the SEB gene. The A , 
synthesized with each position containing 1 /» eacn ot rne mre« 

5ATTCCCTMCTTAGTGTCCTTAATAGt „ 
AATATATTAAGTGAAAGTATAGAAATTGATCTATAGA3 , B-, 
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ffAGCTAGATCTTTGTTTTTAAATTCGACTCGAACATTATC- 
AJ AATTCCCGAGCTTA3'; C+, 5'CCGGATCCTAAACCAGAT 
- GAGCTCCACAAATCTTCCAATTGACAGGCCTGATGGAA- 

AATATGAAAGTTTGTAT3'. These mutant oligonucleotides are used as primers in a - 
PCR reaction with either a vector (A arid B) or internal SEB (C) oligonucleotide as the 
other primer and SEB as a template. Therefore, each molecule of the synthesized SEB 
fragments is predicted to have two to three random base mutations in the region 
corresponding to the mutant primer: The mutant fragment is incorporated into the k 
SEB gene, either by using it plus another fragment containing the 3' portion of the gene 
as mixed template in a PCR reaction to resynthesize a full-length SEB2 gene or by 
digestion with the appropriate restriction enzymes and ligation into pSEB2 from which 
the corresponding region had been removed. 

DNA Sequencing, Plasmid inserts are sequenced directly by the dideoxynucleotide 
method using Sequenase (U.S. Biochemical Corp., Cleveland, OH) with a modification 
for double-stranded supercoiled plasmid templates. Several oligonucleotide 
primers are used matching sequences either in the vector or SEB insert. 

Mutant superantigens with Class I Binding Site Inserted . Envisioned is a 
superantigen structure with class II binding sequences replaced by class I binding 
groups using point mutation in the superantigen gene. This will permit the binding of 
superantigens directly to class I bearing tumor cells cross-linking them predominantly 
to CD8+ T cell with appropriate Vp receptors. 

14 Preparation of Mutant p.53 Products 

Peptides derived from mutant p53 products resulting from missense point mutations in 
various codons have been identified and prepared. The gene for these sequences may 
be tr^hsfected into tumor cells or the peptide itself may bemused in an immunogen for in 
vitro sensitization. Immunization in vivo may proceed byrplacing the peptide in 
appropriate adjuvant: Alternatively peptides. may be attached to class I antigen 
presenting cells for use in vivo or as in vitro T cell immunogen constructs. 



15. Preparation of Acetylcholine Receptor Antigens 

Myasthenia gravis is due to an antibody-mediated autoimmune attack directed against 
acetylcholine recetpors at neuromuscular junctions. The target antigen has been purified |rqrri . 
a variety of sources including human muscle and its molecular structure is now known. The 
alpha subUriit of the acetylcholine receptor contains several epitopes that appears to be the. 
major immUhdgenic region in myasthenia gravis activating humoral and T cell' responses. 
Each of the'two a subunits has an acetylcholine binding site that is located extracellularly and 
centered around amino acids 192 and 193. 

However, there may be other significant epitopes based on the fine specifricity of antibodies 
present in patients with myasthenia gravis. The T lymphocyte response in these patients may 



45 



\ 



PCT/US97/23637 

WO 98/26747 



^"ctw. be prepared by method, given beiow: 

Fang and overlapping one another by 4-8 res ' du ^' e ™""™ S out of 437) and to 91 % of 
correspond to 83% of the human a-s^^ 

its hydrophilic parts/ Since a mam "" 5 ^^^^:^ ! ^ ! SquerK» fioeated .wo or 

symbolism) are as follows. _ 

HM1: Y N LKWNYN LKWNYNLKWN 



HM2 



P D D Y GG PDDYGGPDDYGG 



HM3 : VKKI H I VKKI H IVK K I H I 
HM4- KWNPDDKWNPDDKWNPDDY 
HM5 : . YGGVKKYGGVKKYGGVKK 
HM6: WNPDDYGGVKWNPDDYGGVK 

Peptide purity is assessed by reverse^hase high-pre^re ^:^^ r ^S 
using a L column (Ultrasphere ODS) and - a . ® ! ^|^^^' : ^^^^^JJq add anatys»s :j "using 
acid. The compos.t.on of all peptides is ^cke^ Dy *™ hvdrolysis . For peptides 
^honvithioVdantoin derivatives of the ammo acids released by aap nyaroiys. »• k r 

Sm^m. Purif^^n,nf the Peptides. Eighteen ^^J^Z^T^ 
plpSes, overlapping one another by 5 residues and W^^^^ 

characterized as described; above. 

16. Additional Molecules : 

Any tumor associated antigen, or -Aoimmuhigen^ 

oeforesuperantlgen or as* conjugate -S^SSS^M^S^^^^ 
be the MAGE 1 . tyrosinase and other MART-lHP* pMes . IfteSW ?H9? S eptldes 

sclerosis. 

EXAMPLE3 . -:i3 
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Immunizing Constructs 

Chemical Conjugates of Superantiqens and Peptides 

A. Methods for Preparing Superantiqen-Peptide Conjugates 
The conjugation ,of a superantigen protein, such as SEB, to peptides or other targeting 
molecules can be done by a number of cross-linking methods. The following sections 
describe some of the more commonly-used conjugation techniques for coupling such 
molecules together tp form a .covalent complex, but these protocols are by no means 
exhaustive. Other reaction schemes may be used to generate similar peptide-superantigen 
conjugates that are within the spirit and scope of the present invention. For a review of 
bioconjugate techniques see Hermanson, G.T., Academic Press, (1996). 

1. Use of Dextran as a Carrier to Create Multivalent Complexes of Superantiqens and 
Peptides 

Dextran isa naturally occurring poiymer that is synthesized in yeasts and bacteria for energy 
storage. It is mainly a linear polysaccharide consisting of repeating units of D-glacose linked 
together in glycosidic bonds, wherein the carbon-1 of one monomer is attached to the 
hydroxyl group at the carbon-6 of the next residue. The hydroxylie content of the dextran 
sugar backbone makes the polymer very hydrophilic and easily modified for coupling to other 
molecules. Each sugar monomer contains at least 3 hydroxy Is (4 on the terminal units) that 
may undergo derivatization reactions. This multivalent nature of dextran allows molecules to 
be-attached at numerous sites along thejxjlymer chain. 

Soluble dextran of molecular weight 10, 000-500^000 daltons has been used extensively as a 
modifying or cross-linking agent for proteins and other molecules, it has been used as a drug 
carrier to transport greater concentrations of antineoplastic pharmaceuticals to tumor sites in 
vivo (Bernstein, A. t et al., J. Natl. Cancer Inst. 60, 379-384, (1 978); Heindel, N.D., et "al.; 
Bioconjugate Chem. ,1 , 77-82, (1990)), as conjugated to biotih to make a sensitive 
anterograde tracer for neuroatomic studies (Brandt, KM. et al,* Neurosci. Meth., 45, 35-40, 
(1992)), as a hapten carrier to illicit an immune response against coupled molecufes (Shih, 
LB., et al:,Cancer Res M 51, 4192-41J98, (1991)); Dintzis, R.Z.- ef al., J. Immunol., 1 43, 1 239- 
1244, (1989)), as an inducer of B cell proliferation by coupling anti-lg, antibodies (Brunswick, 
M., et al., J. Immunol. ,140, 3364-3372, (1988)), as a multifuhctibnal linker to cross-link : 
monoclonal antibody conjugates with chemotherapeUtic agents (Heindel, N.D., etal., 
Bioconjugate Chem., 2 ,427-430, (1991)), and as a stabilizer of enzymes and other proteins 
(Zlateva, T.P., et al., Acta Biochim. Biophys. Hung., 23, 225-230, (1988)); Nakamura, S., et 
al., Agric. Biol. Chem. ,54, 3057-3059,(1990)). Dextran modification of macromolecules^can 
provide increased circulatory half-life in vivo , decreased immunqgenicity, and a heat and 
protease protective effect when coupled at sufficient density (Mumtaz, S. t et al, Indian Ji 
Biochem. Biophys. ,28, 346-351, (1991)). 

Since the dextran polymer contains adjacent hydroxyl groups on each glucose monomer, 
these diols may be oxidized with sodium periodate to cleave the associated carbon-carbon 
bonds and produce aldehydes. This procedure results in two aldehyde groups formed per 
glucose monomer, thus producing a highly-reactive, multi-functional polymer able to couple 
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ISfbasl — 9 n foLed'by receive an.ina.ion io create s,ab,e secondary (or ,er,,ary 
amine) linkages. 

Reductive amination (or alkylation) has been used for quite ^^.^^Suction 
aldehvde- or ketone-containing molecule with an am.ne-conta.n.ng molecule^ h ™ r *™ 

hvd ox Y r effectively eLinating them from further participation in the conjugat.cn process. 
Cyanobo'rohydnde has been shown Jo be aUeas. *^ 

83-88, (1986)). 

Superantigen proteins ^ 

using sodium cyanoborohydride or sodium borohydnde a^ the ^^ Jte pro^n 
proceeds primarily through e-am.no groups of lysine located * ™ ! u " a the end of p e pt jde 
molecules The oxidized polymer also may ^^^^SSS^^^^-^ 
molecules that do riot contain lysine (such as the MART-lj^de) The > °P^ a I^ Qf 
reductive amination; reaction is an alkaline ^ v,ro ^ n ^ chtm 10 635-644. 

reaction is greatest at pH ; 8-9 (Kobayashi, M., et at, J. Carbohydrate Chem., iu, 
(1 991 )). reflecting the efficiency of Schiff base formation at this pH. 

Polyaldehyde dextrari can bi used to couple many small^olecufes 
s^rantigen molecules 
backbone'provides more sK*,^ 

System.;;- ;•.;-. . ;.. • • • jr. ■ ■'■ :'. ~ '. . ' .. 1 . ' 

ThefoHowingprbtocolforcreatiri^ 

method of Berstein, A., et al, J. Natl. Cancer Inst., 60, 379-384, (1978)). 

A Protocol for n^idizino Pe v*^n with Sodium Periodate > 

,1)-. Dissolve sodium period^ (Nal04) (Sigma) in 500 ml of deionized waterat a 
concentration of 0.03 M (6,42 gm). 



48 



WO 98/26747 



PCT7US97/23637 



2) Dissolve dextran (Polysciences) of molecular weight between 1 0,000 and 40,000 
daltons in the sodium periodate solution with stirring. 

3) React overnight at room temperature in the dark 

4) Remove excess Veactant by dialysis against water. The purified polyaldehyde 
dextran may be lyophilized for long-term storage. 

Protocol for Conjugating SEB to Peptides using Oxidized Dextra n 

The periodate-oxidized dextran prepared as described above can be used to create a 
covalent complex with SEB . and peptides through a reductive amination process. The 
amount of each component in the final conjugate can be controlled through careful 
regulation of the molar ratios of SEB and peptide in the reaction medium. >: ■:. 

) ■ Dissolve or buffeT-exchange the periodate-oxidized dextran in 0.1 M sodium 
phosphate, .0.15 M NaCI, pH 7.2, at a concentration of 10-25 mg/ml. Other 
buffers having a pH range of 7-1 0 may, be used With success; as long as they do 
not contain competing amines (such as Tris). A reaction environment of pH 8-9 
(in 0.1 M sodium bicarbonate) will give the greatest yield of reductive amination 
coupling. 

• : 2. ... Add 1-10 mg of superantigen (e.g., SEB) and 0.1-1 ring of the peptide (e.g., 
MART-1 ) to each ml of the dextran solution. If SEB and MART-1 are being 
-conjugated, adding 10 times more mass 6f the superantigen than peptide \ ; ;\:< 

- represents, on a molar ratio basis, 3.42 times more peptide than superantigen, Mix v 
to dissolve. [Note: Due to the low solubility of MART-1 in aqueous environments, 
it should be first dissolved in ? DMF or DMSO at 10 mg/ml and then 10-100 ml of this > 
stock solution added to each ml of the reaction solution ] A microprecipitate of - 
MART-1 may form upon addition to the SEB solution, but thei conjugation 1 reaction 
will still proceed efficiently. Other ratios of SEB to peptide may be used 
successfully. For conjugating hydrophilic peptides, pre-di«olving them in an 
organic solvent is not necessary. 

3. In a fume hood, add 0J2 ml of i M sodiurri cyanoboro 

of the SEB/peptide/dextrari solution. Mix well. Caution: cyanoborohydride is 
extremely toxic and should be handled only in well-ventilated fume hoods. 
^ Dispose of cyanide-coptaining solutions according to approved guidelines. 
Alternatively, to avoid the toxicity problems of cyanoborohydride, an equivalent ^ 
molar quantity of sodium borohydride may be added as reduetatit If bprphydnde 
;v ? 4s used, a reaction pH .of 9.0 in 0.1 M sodium bicarbonate buffer is appropriate. 

4. React for at least 6 hours at room temperature. Overnight reactions also may be 
done. 

5. To block excess aldehydes, add 0.2 ml of 1 M Tris, pH 8, to each ml of the 
reaction. If sodium bprohydride was used as the reductant, this blocking step is 
unnecessary, because any remaining aldehydesWould'be reduced to hydroxyls. 
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6. If a blocking agent is used, react for an additional 2 hours at room temperature. 

7 Purify the conjugate from unconjugated SEB and peptide by gel filtration using a 
column of Sephacryl S-200 or S-300. Removal of excess SEB and peptide also 
may be removed from a dextran conjugate by dialysis using a membrane with a 
30,000 molecular weight cut-off. 



2 . conjugation of Peptides to Superantioens via Per iodate Oxidation of N- 
Terminai Serine or Threonine Residues 

Sodium periodate also can boused to oxidize N-terminal serine or threonine residues of 
peptides, forming reactive aldehydes that can be used to couple tc » su P e r an *'f " P r °!, e '^.. 
using reductive amination (Geoghegan. K.F. et al, Bioconjugate Chem 3, 138-146 C1992)). 
If a targeting peptide, such as MART-1 . is modified during peptide synthesis to contain an N- 
termmal serine or threonine group (fig. 6), then direct conjugation to superant.gens can take 
place at e-amine or a-amine groups of the protein (fig. 7). 

The use of reductive amination to conjugate an aldehyde containing molecule to an amine 
containing molecule results; in a zero-length cross-link where no additional spacer atoms are 
introduced between the molecules. Thus, peptides coupled to superant.gen prote'ns -us ing 
this method will all be coupled through secondary amine bonds at their N-terminais -J™ 
peptide molecule also contains e-amine,groups due to lysine amino ac.d res.dues. then tnere 
is potential for. peptide-to-peptide coupling as well as peptide-to-superantigen ^l^^rfh 
MART-1 this is not a problem, since there are no lysine groups in the peptide. The degree ot 
peptide coupling to the protein can be regulated through the molar ratio of peptide to 
superantigen in the conjugation reaction. 



The following method for the oxidation of Nominal serine or threonine containing P e P*^®^ 4 ° 
form aldehydes is based on the method of Zalipsky, S,, et al., Bioconjugate Chem. 6, /Ub-AU», 
(1995)). * • •• ■ ' -XT" tLu:"- ' • .' .V.;. ■ • 

A. Protocol for Periodate Oxidation of Peptides Coh**intriri N-Terminal Serine or 
Threonine -Residues V; V.-.. * V.'. 

1 The peptide to be oxidized containing an N-termihal serine or threonine residue 

' is dissolved in 0.05 M sodium phosphate, 0,15 M NaCI, pH 7.2. at a concentration 

of 1-5 mg/rnl. _ 

2 Sodium periodate is dissolved in water at a concentration of 0.2 w. 

3'. 100 ml of the periodate solution is added to each ml of the peptide solution and 

reacted for 5 min with mixing. , . , 

4. Excess periodate is consumed by the addition of 20 ml of 1 M Na- 
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acetylmethionine per ml of reaction volume. 

B. Protocol for the Conjugation of Periodate-Oxidized Peptides to Sup erantigen 
Proteins 

a. Dissolve the superantigen protein to be conjugated at a concentration of 1-10 
mg/ml in a buffer having a pH between 7.0 arid f Olo. Higher pH reactions will 
result in greater yield of conjugate formation. Suitable buffers include 0.1 M 
sodium phosphate, 0,15 M NaCI, pH 7.2; 0.1 M sodium borate, pH 9.5; or 0.05 
M sodium carbonate, 0.1 iyi sodium citrate, pH 9.5. Avoid amine containing 
buffers like Tris. 

b. Add a quantity of the aldehyde-containing peptide (prepared as described 
above) to the superantigen solution to obtain the desired molar ratio for 
conjugation. A tG-fold molar excess of peptide to superantigen typically will 
result in 4-7 peptide molecules coupled per molecule of superantigen. 

c. Add 10; ml of 5 M sodium cyanoborohydride in 1 N NaOH (Aldrich) per ml of the 
conjugation solution volume. Caution: Highly toxic compound. Use a fume hood 
arid be careful to avoid skin contact with this reagent. 

d. React for 2 hours at room temperature, 

e. : , Purify the conjugate from excess peptide by dialysis or gel filtration. 

3. Conjugation 6f Peptides to Superantigens by Carbodiimide bross-Hnking 

Peptides, such as the MART-1 antigen, may be conjugated with superantigen proteins using 
a carbodiimide to facilitate amide bond formation between carboxylases and amines on the 
two molecules. In this approach, the water soluble carbodiimide EDC is used for the 
conjugation reaction. 

EDC (1-ethyl-3-(3-dimethylaminopropylj carbodiimide hydrochloride; MW 191.7; Pierce 
Chemical) first reacts with available carbpxylic groups on either ifcie superantigen or peptide to 
form highly-reactive d-acylisburea intermediates. The activated carboxylid group 4hen can 
react with a primary amine to form an amide bond, with release of thie EDC mediator as 
soluble isourea derivative. The reaction is quite efficient with no more than 2 hours required 
for it to go to completion and form a conjugate. 

Since mostpeptide molecules contain either aimine groups available for 

coupling, EPC-mediated conjugate formation may be the simplest miethod for the majority of 
superantigen-peptide conjugations. Figure shoWs the coupling of the superantigen protein- 
SEB to peptide MARJ : 1 through its amine or carboxylate terminus. It should be kept in rfiirid 
that this type of conjugation may occur at either the C- or N-terminal of the peptide arid protein 
or at any carboxyl- or amine-containing side chains. Therefore, this method can result in i 
higher molecular weight complexes being formed due to peptide and/or superantigen 
polymerization. The degree of such oligomer formation can be controlled somewhat by the 
molar ratio of reactants used in the cross-linking reaction. 

In some cases, it may be advantageous to allow polymerization of the peptide component into 
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a large complex prior to addition of the superantigen. In this approach, the peptide oligomer 
becomes macromolecular in size and thus potentially is more immunogenic in its interaction 
with the cells of the immune system. Subsequent addition of a superantigen to the EDC 
reaction forming such a peptide! polymer provides the T-cell interacting component necessary 
for the synergistic effect invisioned in this patent. A similar large peptide complex with 
associated superantigen may be created by adding an excess of peptide over the amount of 
superantigen present before adding EDC to cause cross-linking. For instance, adding equal 
mass quantities of peptide and superantigen tb the conjugation method described below 
would result in mainly peptide polymer formation with smaller quantities of cross-linked 
superantigen. In some instances, having a large peptide complex may provide optimal activity 
of the peptide-superantigen conjugate. Thus, the following protocol should be considered as 
flexible in the amounts of reactants added in order to form the best possible conjugate for 
each peptide and superantigen considered. 

A. Protocol for Cross-linking Superantigen with Peptide Using EDC 

a. Dissolve the superantigen protein in 0.1 M MES, 0.15 M NaCI, pH 4.7, at a 
concentration of 1-10 mg/ml. For neutral pH conjugations, substitute 0.1 M 
sodium phosphate, 0. 15 M NaCI, pH 7.2, for the MES buffer. 

b. Dissolve 0. 1 -1 mg of the peptide to be conjugated in each ml of the 
superantigen solution. If the peptide is sparingly-soluble in aqueous solution 
(such as MART-1), it may be dissolved first in DMF or DMSO at a higher 
concentration (e.g. , 10 mg/ml) and then an aliquot added to the superantigen 
solution. 

c. Add the peptide/superantigen solution to a yial containing 2 frig 6f EDC (Pierce! 
and gently mix to dissolve: ^ 

d. Allow the reaction to continue at room temperature for 2 hours with periodic 
mixing or ehd-over-end rocking. 

e. Purify the conjugate by gel filtration or dialysis. 

4. Conjugation of Peptides to Superantigens using an NHS^ster-Maleimide 
Heterobifunctional Cross-linking Agent ; ^ 

A common method for coupling peptides to proteins involves the use of a heterobifunctiphal 
cross-linker containing an NHS ester on one end and a maleimide group on the other end. 
This type of cross-linker allows excellent control oyer the coupling process by incorporating a 
2- or 3-step reaction strategy directed against twp different functional target's on both ; v ^ 
molecules. In this approach, the superantigen prd^ 

through its amine groups, -purified to remove exc^sis reactants, and then crois?-iinked te a' 
peptide molecule containing a sulfhydryl group. . One of the most ireful reagents for this 
conjugation approjach is suifo.-SMCC. . * 

The reactions associated with a sulfb-SMCC conjugation are shown in figure 9 (note: sulfb- 
SMCC is sulfosuccinimidyl-4-(N-maleimidomethyl) ; cyclbhexane-1 -carboxylate; MW = 436.37; 
Pierce Chemical]. This crosslinking reagent mediates the conjugation of a carrier protein 
through its primary amine groups to a peptide through sulfhydryt groups. The active N- 
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hydroxysulfosuccinimide ester (sulfo-NHS) end of sulfo-SMCC first is reacted with available 
primary amine groups on the protein. This reaction results in the formation of an amide bond 
between the protein and the crosslinker with the release of sulfo-NHS as a by-product. The 
superantigen is then isolated by get filtration to remove excess reagents. At this stage, the 
purified protein possesses modifications generated by the crosslinker resulting in a number of 
reactive maleimide groups projecting from its surface. The maleimide portion of sulfo-SMCC 
is a thiol-reactive group that can be used in a secondary step to conjugate with a free 
sulfhydryl (i.e., a cysteine residue) on a peptide, resulting in a stable thioether bond. A 
cysteine group can be incorporated at one end of a peptide during synthesis to allow this type 
of conjugation protocol to be used. Figure 10 shows the MART-1 peptide with a cysteine 
residue added to its N-terminal. 

If a terminal cysteine residue is added to a peptide during its synthesis, its sulfhydryl group 
provides a highly specific conjugation-site for reacting with an sulfo-SMCC activated 
superantigen. All peptide molecules coupled using this approach will display the same basic 
conformation after conjugation. In other words, they will have a known and predictable 
orientation, leaving the majority of the molecule free to interact with the targets of the immune 
system. This method therefore can preserve the major epitopes on the peptide while still 
modulating the immune response by being covalently linked to the superantigen. 
The following protocol describes the activation of a superantigen with sulfo-SMCC and its 
subsequent conjugation with a peptide. 

A. Protocol for Conjugating a Superantigen to a Cvsteine-Containiha Peptide Using 
Sulfo-SMCC 

a. Dissolve the superantigen of choice (e.g., SEB) at a concentration of 10 mg/ml in 
0.1 M sodium phosphate, 0.15 M NaCI, pH 7:2. 

b. Dissolve sulfo-SMCC (Pierce) at a concentration of 10 mg/ml in water. 
Immediately transfer 300 ml of this solution to each ml of the superantigen . 
solution. Mix well. The appropriate amount of crosslinker to add is dependent 
on the amount of activation desired; The degree ofsulfo-SMCC modification . * 
often determines whether the protein will maintain solubility after actiyation arid ()r 
coupling to a peptide.- Particularly, when conjugations are done with nonpolar,. , 
hydrophobic peptides the degree of peptide substitution on the superantigen 
should be kept rather low to prevent precipitation. , v 

c. React for 1 hour at room temperature. 

d. Immediately purify the activated protein by gel filtration using a volume of . 
Sephadex G-25 equal to 15 times the volume of the activation reaction. To 
perform the chromatography use 0.1 M sodium phosphate j: 0.1 5 M N^QI , 0.1 M 
EDTA, pH 7.2 (conjugation buffer).. The EDTA is present to prevent metal-. ^ 
catalyzed sulfhydryl oxidation to disulfides. Apply the reaction mixture to the , 
column while collecti.ng 0.5-1 .0 ml fractions. Pool the fractions containing the 
activated superantigen (the first peak to elute from the column), and discard the 
fractions containing excess sulfo-SMCC- (the second peak). Concentrate the 
activated superantigen to about 10 mg/ml using centrifugal concentrators with a 
molecular weight cut-off of 10,000 (Amicon). The activated protein should be 
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used immediately or freeze-dried to maintain maleimide stability. 

e. Dissolve a sulfhydryl-containing peptide to be conjugated (e.g., MART-1 
containing an N-terminal cysteine residue) at a concentration of 1 mg/ml in the 
conjugation buffer containing the activated superantigen. Dissolving the peptide 
in DMF or DMSO prior to adding an aliquot to the conjugation reaction may be 
done for sparingly soluble peptides. 

f. Allow the conjugation reaction to proceed for 2 hours at room temperature. 

g. Remove excess peptide from the peptide-superantigen complex by dialysis or 
gel filtration. 



Conjugation of Human Tumor Antigens and Xenograft Antigens to Supefantigen 
Molecules 

Conjugation of Ganglioside Tumor Antigens or Xenograft A ntigens to 
Superantigen Molecules 

Tumor or xenograft antigen conjugation to superantigen molecules can be done by a . 
number of methods well known to those skilled in the art. In cases wherein the antigen is ? 
ganglioside, the immunogenic determinant is typically a polysaccharide in a-glycosidic linkage 
to a ceramide sphingolipid. . One such antigen prevalent in, human melanoma and 
neuroblastoma is GD2, containing a disialo group on the polysaccharide port^onif th^ lipid. 
Another common glycolipid antigen involved in the hyperacute rejection prbcess in 
xenotransplantation is the Gal alpha (t,3)Gal determinant making up the terminal region of the 
complex carbohydrate present on the cell surfaces of pocine tissues. Two methods of 
superantigen conjugation are presented for such antigens, one utilizing the isolated complex 
carbohydrate obtained from the purified ganglioside which is then chemically attached to 
superantigen, and another method wherein the ganglioside^jand superantigen are both 
incorporated into a liposomal membrane: Either method may ; be- used to create complexes 
which are included in the: scope of this invention, but they are by no means exhaustive of all 
the techniques which could be empolyed to conjugate human tumor antigens to superantigen 
molecules. Other conjugation strategies may be utilized to create an immunologically active 
complex as described by this invention: 

Direct Conjugation of Ganglioside Polysaccharide to Superantigen Mo lecules 

1) Ganglioside antigehs are purified from cells as described prevously. Thegangliosides are 
then dissolved in aqueous solution at pH 6.0 at a concentration of 1 .0 micromole/ml. 

2) Endbglycbcisramidase from Rhodococcus (Genzyme) is added to the ganglioside solution 
to a level of 5 milliunits. The solution is incubated overnight at 37°G with gentle agitation. 
The endoglycoceramidase specificiallyt cleaves at the eeramide-polysaccharide bond, 
liberating ceramide and Clipping off the complex carbohydrate making up the ganglioside. 

3) Thte polysaccharide is isolated by HPLC size exclusion chromatography or by 
ultrafiltration: - " 
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4) Superantigen is dissolved in 0.1 M sodium phosphate, 0.15 M NaCI, pH 7.5, at a 
concentration of 1 mg/ml. The purified polysaccharide antigen is added to this solution at 
a concentration of at least 1 micromole/ml. 

5) In a fume hood, 20 microliters of 5 M sodium cyanoborohydride solution in 1 M NaOH 
(Aldrich) is added to each ml of the superantigen solution. • 

6) The reaction is mixed gently and incubated at room temperature for 72 hours or 4°C for 1 
week. This reaction reductively animates the reducing end of the polysaccharide (at the 
point it was cleaved by the endoglycoceramidase) to the amine groups on the 
superantigen protein, creating a stable conjugate coupled through a secondary amine 
linkage. The degree of polysaccharide coupling can be controlled by limiting the time of' 
reaction. ; : / 

7) Remove unreacted carbohydrate and cyanoborohydride by gel filtration on Sephadex G-25- 
or by dialysis. 

Use of Liposomes to Create Ganqlioside-Superantiqen Complexes 

1) Prepare a 5 mg/ml liposome suspension in 20 mM sodium phosphate, 0:15 M NaCI, pH 
7.4, containing, on a molar ratio basis, a mixture of phosphatidyl 
cho|ine:chplestero|:phos compositions may be 
used, for example recipes without cholesterol, as long as a periodate-oxidizable 
conriponent containing vicinal hydroxyls (e:g., phosphatidyl glycerol) is present. Any 
method of liposome formation may be used that is common to thbs skilled int he* art, 
including, mechanical dispersion, detergent-assisted solubilization, or sblvent^rriediated 

? dispersion. v v t [ \ . : ■ r - " ■ ;7 

2) ^issblye spdium periodate to a concentration of 0.6 M by adding 128 mg per ml of Water. 
Add 200 \x\ . of this stock periodate solutidn td fc each inl of the liposome suspension with 
stirring. " ' 

3) React for 30 min. at room temperature in the dark. - : 

4) diaiyze the oxidized liposomes against 20 mM sodium borate, 0.15 M NaCI, pH 8;4, : to 
, y: remove unreacted r periodate. This buffer is ideal for the subsequent coupling reaction. 

Chromatographic purification usin^ a column of Sephadex G-50 also can be done. The 
periodate-oxidized liposomes may be used immediately to couple with superantigen 
molecules or they may be stored in a lyophiiized state in the presence of sorbitol (Friede f et 
^!. f X993) for latter use. \ ■ * ' 

5) K Add a superantigen ; to the periodate oxidized liposome solution to obtain a i mg/ml 

concentration,, 

6) In a fume hood, add 20 microliters of 5 M sodium dyanobdrohydride solution in 1 M N'aOH 
(^Idrich) to each ml of the superantigen solution. 

7) The reaction is mix^d gently and incubated at robm : temperature for 6 hours. '/ "> 

8) Excess superantigen and cyanoborohydride are removed by size exclusion 
chromatography on a column of Sephadex G-50 or by dialysis using a membrane with a 

. ..mblecylar.-welight cutoff of I'OO.OOO daltotis. 

9) . Ganglioside antigens Isolated by the meithod described preVously may be incorporated into 

the superantigen-containing liposomes by detergent dialysis. Add an amount of 
ganglioside representing twice the amount of phosphatidyl glycerol (on a molar basis) 
originally added to form the liposome (prior to periodate oxidation). To this solution add 
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concentrated sodium deoxycholate to obtain a final concentration of 0.7% (w/w). Mix 
thoroughly using a vortex mixer. Finally, dialyze the liposome suspension against PBS, pH 
7.5. 

Conjugation of Glycoprotein Tumor Antigens to Superantigen Molecules 

Glycoprotein antigens associated with tumor cells may be isolaited and conjugated to 
superantigep molecules using chemical cross-linking methods that couple through both 
proteins' functional groups. Conjugation strategies useful in this regard are similar to those 
described for coupling peptie antigens to superantigen moleculed (described elsewhere). 
Two methods are presented here, but they are not meant to represent an exhaustive 
treatment of all possible conjugation strategies. Other, cross-linking methods may be 
successfully used to form similar complexes that fall within the scope of this invention. 

Conjugation Using Dextran as a Carrier 

j - • " ■ ■ r 

1) Dissolve or buffer-exchange the periodate-oxidized dextran in 0.1 M sodium phosphate, 
0.15-M NaCI, pH 7 2, at a concentration of 1 0-25 mg/ml. Other buffers having a pH range 
of 7-10 may be .used with success as long as they do not contain competing amines (such 
as Tris).. A reaction environment of pH 8-9 (in 0.1 M sodium bicarbohatej will give the 
greatest yield of reductive amination cpupling. 

2) Add 1-10 mg of superantigen (e.g., SEB)- and an equivalent mass tif glycoprotein antigen 
: to. each ml of the dextran solution. Mix to dissolve. 

3) In a fume hood, add 0.2 ml of 1 M sodium cyanoborohydride (Aldrich) to each ml bf the 
SEB/glycoprotein/dextran solution. Mix well. Alternatively, to avoid the toxicity problems 
of cyanoborohydride, an equivalent molar quantity of sodium borbhydride rtiay be aclded 
as reductant. If borohydride is used, a reaction pH of 9.0 in 0.1 M sodium bicarbonate 
buffer is appropriate. 

4) React for at least 6 hours at room temperature. Overnight reactions also may be done: 

5) To block excess aldehydes, add 0.2 ml of 1 M Tris, pH 8, to each ml of the reaction.' If 
sodium borohydride was used as the reductant, this blbcing slep is unnecessary, because 
any rernaining, aldehydes would be reduced to hydroxyis, 

6) If blocking agent is used, react for an additional 2 houns at room temperature. " 

7) Purify the conjugate from unconjugated SEB and glycoprotein by gel filtration using a 
column of Sephacryl S-200 or S-300. Removal of excess SEB and glycoprotein also may 
be done from a dextran conjugate by dialysis using a membrane with a molecular weight 
cut-off larger than that of the glycoprotein antigen or superantigen monomers. 

Conjugation of Superantigen and Glycoprotein Antigens Using Heterobifunctional 
Cross-Linkers 

The heterobifunctional cross-linker Sulfo-SMCC may be used to directly attach superantigen 
moidecules to glycoprotein tumor antigens. One end of the cross-linker is ah NHS ester which 
reacts with amines on one protein to form amide bond derivatives terminating in maleimide 
groups. The maleimide .intermediate then may be reacted with a second protein containing 
sulfhydryls to couple through . a thjoether bond. To r . use this type of cross-linker With a 
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superantigen and glycoprotein, one of the molecules must first be modified to possess free 
thiol groups. Thiolation reagents such as 2-iminothiolane or SATA (Pierce) may be used for 
this purpose. The following protocol describes this conjugation approach. 

1) Dissolve the glycoprotein to be thiolated at a concentration fo 10 mg/ml in a non-amine 
containing buffer at pH 8.0 (e.g. 50 mM sodium phosphate, 0.15 M NaCI, pH 8.0, or 0,1 M 
sodium borate, pH 8.0 may be used). 

2) Dissolve Traut's reagent (2-iminothiolane; Pierce) in water at a concentration of 2 mg/ml 
(makes a 14.5 mM stock solution). The solution should be used immediately. Add 50-100 
^l of this stock solution to each ml of the glycoprotein . solution. 

3) React for 1 hour at room temperature. • 

4) Purify the tholated protein from unreacted Traut's reagent by dialysis or gel filtratrion using 
20 mM sodium phosphate, 0.15 M NaCI, 5 mM EDTA, pH 7.2. The addition of EDTA to 
this buffer helps to prevent oxidation, of the sulfhydryl groups and -resultant disulfide 
formation. Use the thiolated glycoprotein immediately. 

5) Dissolve the superantigen of choice (e.g., SEB) at a concentration of 10 mg/ml in 0.1 M 
sodium phosphate; 0.15 M NaCI, pH 7.2. 

6) Dissolve sulfo-SMCC (Pierce) at a concentration of 10 mg/ml in water. Immediately 
transfer 300 \xl of this solution to each ml of the superantigen solution. Mix well. 

7) React for 1 hour at room temperature. 

8) Immediately purify the activated protein by gel filtration using a volume : pf Sephadex G-25 
equal to 15 times the volume of the activation reaction! To perform the chromatography 
use 0:1 M sodium phosphate, 0.15 M NaCI, 0.01 M EDTA, pH 7.2 (cpnjugation buffer). 
The EDTA is present to prevent metal-catalyzed sulfhdryl oxidation to disulfides. Ajpply the 
reaction mixture to the column while collecting 0.5-1.0 ml fractions. Pool the fractions 
Containing the activated superantigen (the first peak Jo elute from the column), and discard 
the fractions'containing excess sulfo-SMCC (the.second peak). Concentrate the activated 
superantigen to about 10 mg/ml using centrifugal concentrators,<witfcr a molecular weight 
cut-off of 10,000 (Amicon). The activated protein should be used immediately or freeze- 
dried to maintain maleimide stability. 

9) Dissolve the sulfydryl-containing glycoprotein to be conjugated (prepared as described ij\ 
steps;! ^4) at a;concentration of 10 mg/ml in the conjugation buffer containing the activated 

superantigen. v * .^V:l;--i >[.S. y/ v' 

10) Allow the conjugation reaction to proceed for at least 2 Hours at room temperature. 

11) Remove excess glycoprotein or superantigen monomers from the conjugate by dialysis or 
gel filtration/- 

EXAMPLE 4 

Immunizing Constructs y 7 - 
Fusion Proteins 

Fusion proteins consisting of peptides, superantigens, class I arid clasis II molecules 
will be prepared by well. defined methods. 
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EXAMPLES 

Immunizing Constructs 

Preparation of Tumor Cells Transfected with Superantiqen Genes and a-Gal Genes 

A. Tumor Cells Transfected with Superantiqen Genes 

Tumor ceils may be transfected with superantigen genes and a fusion gene of a 
tumor specific peptide and superantigen with or without MHC class II genes 
and/or accessory molecules such as B-7 and integrins to create a molecular 
construct expressing tumor specific antigen, superantigen, class 11 molecules, 
ahd accessory molecules on the cell surface to provide potent T cell stimulatory 
signals: The tumor cell&.are cotransfected with MART- 1 and HLA-A1 in 
order to increase their intrinsic immunogenicity. 

The method of treatment involves binding of these superantigen-TAA 
conjugates or fusion proteins to class I positive antigen presenting cells. Once ; 
bound they would then be presented to a T cell population. Tumor cells 
transfected with superantigens would also serve as potent antigen presenting 
cells to the respbhder T cell population. 

B. Transfection of Superantiqen, HLA-class II and HLA-A1 Genes into Tumor 

This may be accomplished with the use of the enterotoxin or other , superantigen 
plasmids, HLA-class II and HLA-A1 DN A transfected into various tumor cells by 
several well known techniques: These include calcium phosphate precipitation, 
electroporation and DEAE dextran transfection. 

C. Methods of Anchoring The Transfected Superantiqen to the Tumor Cell 
Membrane for Enhanced Expression 

DNA from SEB dr other ehterotoxins may be extracted from the original plasmid and 
converted to cDNA. An MHC class II gene may be used as a leader gene and placed 
upstream from the cDNA for SEB in order to anchor the SEB to the tumor cell 
membrane. A CMV expression vector may be inserted at the 5' end. MMTV DN A^rnay 
also be used to carry the superantigen to the tumor cell surface. This construct 
inserted into tumor cells will anchor the superantigen to the tumor cell surface. ?pd 
prevent secretion of the enterotoxins by the tumor cells. 

D. Viral Superantiqen Transfection of Tumor Cells 

Various vSAG expression plasmids are generated by cloning gene fragments from 
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mammary tumor viruses into the puromycin plasmid. The vSAG transfectants are 
generated using 10 jig of appropriate plasmid with 15 ul LipoFectamine (Life 
Technologies, Grand Island N.Y.) for 4 hour in serum-free medium, followed by 
incubation in complete medium overnite. The cells are plated at 1x1 0 4 cells/well in 24- 
well culture plates for 24 hours before the addition of G-418 (1 mg/ml; Life 
Technologist). Viable cells ate analyzed and cloned by limiting dilution followed by 
selection with 25 ng/ml of puromycin (Sigma). Cotransfection with class I or class II 
plasmids will follow the same procedure. 

E. Transfection of ot-Gal Gfenes into Tumor Cells 

Xenoreactive natural Abs recognize Galoc1-3Galp1-4GlcNAc(galactose a1- 
3galactosep1-4-N-acetylglucosame) abbreviated as a-Gal. This antigen is expressed 
in the tissues of pigs^ gtiinea pigs, rodents, dogs and cows but has not been detected 
in human tissues. It is expressed in endothelial cells and is thought to be a major 
antigenic target for hyperacute organ rejection in xenografts. Anti-Gal in a naturally 
, occurring IgM antibody recently found to be present in large amounts in human serum. 
It binds to pig endothelial cells which express the a-Gal epitope. A triad of 
glycoproteins of molecular mass, 115, 125 and 135 kDa have been identified as the 
major targets of the surface of pig endothelial cells. After interaction with naturally 
occurring IgM antibodies xenografts undergo hyperacute rejection by a complement 
dependent mechanism within a few minutes. Surface expression of the a-Gal epitope 
may be achieved by transfection of a cDNA clone encoding the a 1-3 galactosyl 
transferase (which transfers a terminal galactose residue with a a1-3 linkage to a 
subterminal galactose and is missing in human and certiain primate cells) into a human 
malignant tumor cell line such as meianorfta or adenocarcinoma which does not 
express this epitope. The resulting transformed tumor cells with a-Gal expressed on 
their.surface should be rapidly rejected by circulating a-Gal specific IgM antibodies in 
humans. The methodology of production of the gene is given below. 1 

A cDNA clone, encoding the mouse ^ is produced by using 

rthe known sequence of this transferase ahd the PGR technique. Two oligonucleotides 
are synthesized: aGT-1 (S'-GAATtCAAQCTTAtGATCA which is 

the sense oligonucleotide encoding the first 6 amino acids of the mature <x1-3- 
, galactosyltransferase and contains, a Hindlll restriction site; and aGT-2 (5'- 

G AATTC CTG C AGTC AG AC ATt ATTCT AAC -3 9 j ; wh ich is the antisense oligonucleotide 
encoding the last 5 amino acids of the premature a1 -3-galactosyltransferase and 
i ;> contains the in-phase termination, cpdpn and a Pst I restriction site. The 

oligonucleotides are used to amplify a 1 113.5-bp fragment from a C57GBL/? spleen cell 
cDNA-librarYi which is subsequently purified, digested with Hindlll and Pst I (Pharmacia 
LKB)restriction endonucleases, and directionally cloned into Hindlll/Pst l-digested 
CDM8 vector. A plasmid (paGT-3) is selected for further studies, sequenced to confirm 
the correct DNA sequence, and used for COS cells transfection. The IB4 lectin of 
Griffonia simplicifolia is obtained from Sigma. 
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Transfection of human tumor cells with the above transferase DNA is carried out by 
electroporation or other suitable transfection methods given herein. The resulting 
tumor cells become strongly reactive with human serum. The a-Gal transfected tumor 
cells may then induce rejection after implantation into SCID mice which have been 
reconstituted with human T and B cells and transfused with normal human plasma 
containing the naturally occurring human IgM antibodies specific for the a-Gal epitope. 
Similarly transfection of the transferase gene into tumors indigenous to humans or 
species such as Old World monkeys which do not synthesize the d-GaJ determinant but 
do have naturally occurring circulating antibodies to a-Gal results in rejection of tumor 
compared to untransfected control tumors which are unaffected by the treatment. The 
animals show in vitro evidence of cytotoxicity against untransfected tumor cells after 
the rejection process is completed. Pretreatment with 10 5 -10 7 transfected tumor cells 
subcutaneously followed by implantation of untransfected tumor cells prevents the 
outgrowth of untransfected malignant tumor cells. Hence, the transfected tumor cells 
may function as a vaccine. Finally, transfected cells implanted into animals after 
untransfected tumors are established will induce rejection an established untransfected 
tumor. While the tranferase gene is used as a model for expressing the a-Gal antigen 
on tumor cells, other genes which produce a-Gal expression on the tumor cell surface 
including but not limited to the a-Glal gene itself may be used to produce the same 
result. 

The transferase gene will be co-transf ected into tumor cells tojgether with DNA coding 
for bacterial superantigens or mammary tumor viral (MMTV) superantigehic DNA. 
Alternatively, the two genes may be transfected sequential ly. The transferase gene is 
ligated to the MMTV or enterotoxin gene and transfected into tumor cells by methods 
given below. The tumor cell will then express both superafntigenic and a-Gal 
determinants on its surface. The cotransfected or dual transfected tumor cells may be 
used as a vaccine to prevent untransfected tumor growth or to combat the growth of 
established untransfected tumors by methods given above and well described in the 
art. Using B16 melanoma, A20 lymphoma or other rhodel^given in Example 20, 10 - 
10 7 transfected tumor cells may be jmplanted subcutaneously and 1-6 months later 
untransfected tumor cells will be im^lanted. Trahsfected tuhibr cells, 10 5 -10 may be 
given 3-10 days after the appearance of isstablisheB tumors, tumor growth- will be 
arrested in both groups compared to untreated controls. 

F. Preparation of Xenograft Antigen-tumor Celt Complexes for Ex Vivo or In Vivo 
Immunization 

The xenograft antigen Gal alpha( 1 ,3)Gal determinant also can be conjugated to intact 
r tumor cells for production of a potent immuriocjen able to dlicit an initial acute-phase 
hyperimmune response followed by protective immunity against unmbdififed turhor cells. 
This complex can be augmented with superantigen moledules; such as SEB, to further 
promote T cell activation and help create long-term protective immunity against the 
tumor cell line. The complex is formed ex vivo by cbvaldhtly coupling the xenograft 
antigen carbohydrate to amine groups bn. proteins present on isolated tumor cells, 
creating an artificial xenograft antigen presentation on the outer cell membranes. The 
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optional presence of a superantigen molecule in this preparation provides additonal 
immune modulation beyond that possible from the presence of the carbohydrate 
antigen alone. Upon administration of these modified tumor cells into patients, 
antibodies and critical cells of the immune system will rapidly respond, resulting in a 
powerful response generated against the tumor immunogens. Subsequent initiation of 
the protective immunity against unmodified tumor cells then may occur days or weeks 
after modified tumor cell administration has been discontinued and the immunogen 
cells cleared from the body. Superantigen may be used to aid in this process either by 
being conjugated directly to the tumor cells prior to in vivo administration or by separate 
ex vivo or in vivo stimulation of T cell populations according to the methods outlinedin 
this invention. ' 

Xenograft antigen carbohydrate determinants can be conjugated to the surfaces of 
isolated tumor cells by oaethdds known td those skilled in the art of biocdrijugation. For 
instance, the purified carbohydrate cbntaihirig the Gal alpha(1,3)Gal sequence can be 
directly coupled to the tumor cells by a reductive amination process using the reducing 
end of the polysaccharide, as already described elsewhere in this document for 
coupling the antigen to superantigen molecules. In this reaction scheme, a secondary 
amine linkage is formed between the reducing end of the carbohydrate and the amine 
groups on the cell surface. Alternatively, the Carbohydrate antigen may; be coupjed to ; 
the cells through the use of another molecule able to react or bind to the cell surface 
and form a stable complex. In one such approach, a monoclonal antibody, specific for 
the tumor cell, is modified with the xenograft antigen and utilized as a targeting agent 
for binding to the cell surfaces and displaying the carbohydrates The preparation of a ; 
xenograft antigen-antibody conjugate is described previously in this disclosure. .In a , 
second approach, the strong interaction between avidin (or streptavidin) and biqtin is: 
used to form a bridge linking the tumor cell surface to the xenograft polysaccharide^ In 
this case, the cell surface can be biotinylated using one of a number of reactive 
, biqtihylation reagehts available commercially. For instance; NHS-LC -biotin (Pierce ; ( 
Chemical) can be reacted with the cells in a physiological PBS buffer at 50 mM 
. ' Ophcentfation for 30 minuted at room temperature to effectively biotinylate amine 
group? ph cell surface protein. Removal of excess biotin reagent, is. accomplished 0 , ; , 
sinplyb^ PBS several times. The xenograft antigen) ,,. 7 

v carbohydrate then is covalently coupled to 'either avidin or streptavidin according to the 
^ methods previ outlined for modifying superahtigens or antibodies with this 
"/mAfeidul.^. Incubation l oi the biotinylated tumor cells with this avidin or streptavidin , t 
conjugate will result in the xenograft antigen coating the surface of the cells through the 
ihtefactibn of the avidin or streptavidin component with the sites of biotin mqdificiatipn. 

Another option for this conjugation is the use of heterobifunctional cross-linkers which ^ 
are able to react with functional groups on the tumor surfaces and also couple to the 
xenograft polysaccharide. An example of this strategy is to use the reagent M 2 C 2 H [4- 
, ( (N-maleifhiddmethyl)^ a sulfhydryl-and carbonyl 

reactive cross-linker. The maleimide group of this reagent can form stable r thioether 
linkages with sulfhydryl groups on proteinsand other molecules. The hydrazide end of 
the cross-linker can react with carbonyl groups, such as aldehydes, to f orm hydrazorie : 
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bonds. The-hydrazones may be stabilized by reduction with sodium cyanoborohydride 
to create non-reversible linkages. 

Use of M 2 C 2 H to couple xenograft polysaccharide to tumor cell surfaces may be 
accomplished first by thiolating the cell surface to create available sulfhydryl groups. 
Reaction of cell surface proteins with Traut's reagent will yield free sulfhydryl groups 
(see the section etiled "Conjugation of Superantigen and Glycoprotein Antigens Using 
Heterobifunctional Gross-Linkers''. These sulfhydryl groups then are reacted with 
M2G2H in PBS buffer (pH 7.2) to create cell surface modifications terminating in reactive 
hydrazide groups. The xenograft carbohydrate antigen then is reacted with the 
hydrazide group in the presence of sodium cyanoborohydride to create a covalent 
linkage. All of these reactions can be accomplished while maintaining tumor cell 
viability or by utilizing inactivated tumor cells. If inactivated cells are used, they must 
not.be fixed with an amine-reactiye chemical (e.g; formalin), as the functional groups 
necessary for the conjugation will be blocked. Inactivation by fixation may be done, 
/ however, after the conjugates have been produced. 

G. Preparation of Xenograft Antigen or Superanti ben or Xenograft Antiqen- 
Sufterantiqen; Complexes Conjugated to Monoclonal An tibodies Directed Against 
Tumor Antigens for in vivo or in vitro Targeting 

The superantigen conjugation scheme relates to the production of a trimeric complex 
consisting of the giycdlipid antigen involved, in the hyperacute rejection process in 
xenotransplantation, the Gal alpha (1,3)Ga| determinant making up the terminal region of the 
complex 'carbohydrate present on the cell surfaces of porcine tissues, plus a targeting 
component (such as a monoclonal antibody) and a superantigen molecule, such as S^B. The 
antibody would provide the specificity necessary for directing the conjugate to the surface of 
tumor cells in vitro or in vivo. The.xenoantigen or superantigen, alone may ajso.be coupled to 
the monoclonal tumor specific antibody and, the compound used for in vitro or in vivo targeting 
to tumor cells. The docking of these complexes on tumor cells would create a highly antigenic 
surface wherein the carbohydrate involved in the hyperacute .rejection process would now be 
coating the surfaces of the tumor A superantigen molecule may also be present for additive T 
cell stimulation. There engineered cells may be employed in vivo to, vaccinate the host 
against tumor or it may be used after tumors have been established.. The same cells may be 
employed for in vitro stimulation of T cells as given in examples 11 and 1 2. The result would 
be a dramatic anti-tumor immune response, essentially destroying tumor cells as rapidly as 
xenotrahsplanted organs are destroyed in the hyperacute rejection process. The host may, be 
preimmunized to the a-Gal moiety by methods well known in the art. Six days to 6 months 
later than a-Gal-tumor cell conjugates may be administered either parenterally or 
intratumorally. ' -'v' r ■ ->? ^..n »•« 

The xenograft antigen Gahalpha(1.3)Gal determinant is conjugated to superahtigeh according 
to the previously-described protocol. This complex can be subsequently conjugated with a 
targeting molecule, such as a monoclonal antibody or a recombinantly-designed peptide 
binding molecule directed against a tumor antigenic determinant, by cross-linking methods 
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commonly known to those skilled in the art. The resulting trimeric complex is able to 
specifically bind to tumor cell surfaces in vivo, creating an artificial xenograft anrtigen 
presentation on the outer cell membranes. The presence of a superantigen molecule in the 
conjugate provides additional immune modulation beyond that possible from the carbohydrate 
antigen alone. Thus, T cell activation combined with a hyperacute rejection response is 
generated against the tumor, resulting in cell death and tumor necrosis. Such a trimeric 
conjugate can provide powerful cytotoxic effects directed against solid tumors and 
metastases. It also may initiate continued immunity against tumor cells, even after conjugate 
administration has been discontinued and the complex cleared from the body. 

H. Conjugation of Xenograft Antigen or Superantigen or Xenograft A ntigen- 
Superantigen Conjugate to an Antibody Using Heterobifunctional Cross-Linkers 

Sulfo-SMCC, a heterobifunctioflal cross-linker containing an amine-ireactive NHS ester on one 
end and a sulfhydryl-reactiye maleimjde group on the other end, may be used to directly 
attach the xenograft antigen or superantigen or xenograft antigen-superantigen conjugate to 
antibody molecules directed against tumor angitens. The NHS ester end is first reacted w.th 
amines on one of the two components to form amide bond derivatives terminating in 
maleimide groups. The maleimide-activated intermediate then may be reacted with the 
second protein containing sulfhydryls to couple through a thioether bond. To use this type of 
crossTlinker with the superantigen conjugate and ah antibody, one of the molecules must first 
be« modified to possess free thiol groups, tbiolation reagents such as 2-imihothiolane or 
SATA (Pierce) may be used for this purpose. The foljowirtg protocol describes this 
conjugation, approach by modifying first the xenograft antigen-superantigen complex with 2^ 
iminothilane to create sulfhydryl groups. The antibody is then reacted with Sulfo-SMCC to 
create a maleimide-activated intermediate. The two derivatives then are reacted together to 
form the final conjugate. 

1) Dissolve the xenograft antigen-superantigen to be thiolated at a concentration fo 10 mg/ml 
in a non-arnine containing buffer at pH 8.0 (e:g. 50 mM sodium phosphate, 0.15 M NaCI, 
pH 8.0, or b i M sodium borate, pH 8.0 may be used). _ ? 

2) Dissolve Traut's reagent (2-iminothiolane; Pierce in water sit a concentration of 2 mg/ml 
(makes a ,14.i5\mM stock solution). The solution should be used immediately. Add 50-100 
nl of this stock solution Jo each ml of the xenograft antigen-superantigen conjugate 
solution. 

3) React for 1 hour at room temperature: 

4) Purify the thiolated protein from unreacted Traut's reagent by dialysis or gel filtratrion 
using_20 mM sodium phosphate, . 0.1 5 M NaCI, 5 mM EDTA, pH 7.2. The addition of 
EDTA to this buffer' helps "prevent "oiidatibh of the sulfhydryl groups and resultant 
disulfide formation. Use the thiolated xenograft antigen-superantigen conjugate 
immediately. - v : ^ 

5) Dissolve the antibody of choice (e.g., a monoclonal antibody directed against a tumor 
antigen) at a concentration of 10 mg/ml in 6.1 M sodium phosphate, 0.15 M NaCI, pH 7.2. 

6) Dissolve sulfo-SMCC (Pierce) at a concentration of 10 mg/ml in water. Immediately 
transfer 300 nlof this solution to each ml of the antibody solution. MixwelL 

7) React for 1 hour at room temperature. 
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8) immediately purify the activated antibody by gel filtration using a volume of Sephadex G- 
25 equal to 15 times the volume of the activation reaction. To perform the chromatography 
use OA M sodium" phosphate, 0.15 M NaCI, 0.01 M EDTA, pH 7.2 (conjugation buffer): 
The EDTA is present to prevent metal-catalyzed sulfhdry! oxidation to disulfides. Apply the 
reaction mixture to the column while collecting 0.5-1 .0 ml fractions. Pool the fractions 
containing the activated antibody (the first peak to elute from the column), and discard the 
fractions containing excess sulfo-SMCC (the second peak). Concentrate the activated : 
antibody to about 10 mg/mi using centrifugal concentrators with a molecular weight cut-off 
of 10,000 (Amicon). The activated antibody should be used immediately or freeze-dried to 
maintain maleimide stability. 

9) Dissolve the sulfydryl-containing xenograft antigen-superantigen conjugate (prepared as 
described in steps 1-4);.at a concentration of 10 mg/ml irii:;the conjugation buffer containing 
the activated antibody. " 

1 o) Allow the conjugation reaction to proceed for at least 2 hours at room temperature. 

Similar procedures may be used for conjugating superantigen or xenograft antigen alone to 
the tumor specific monoclonal antibody/" To limit the arndunt of superantigen in the final 
trirneric complex(and thus its potential toxicity in vivo), the xenograft antigen carbohydrate « 
may be first conjugated to the antibody as described in the previous method for conjugating 
this antigen with superantigen. A superantigen molecule then can be thiolated ahd the 
antibody-carbohydrate conjugate activated' with Sulfo-SMCC as described above: Mixing 
these two intermediates in ratios designed to limit the driiount of superantigen in the : final 
complex (a low ratio of superantigen:arttibbdy Conjugate) Will result in a preparation having c 
fewer molecules of superantigen in.Jhe therapeutic preparation. Upon in vivo administration, 
the degree of toxicity can be thus cohlrdll^if by f^bduiating the amount of superantigen in the- 
trirneric complex. ' 

I. DNA Transfer 

The experimental introduction of p^A intp cells is that 

(1) form DNA precipitates that can be irteihalized by the; target cell; (2) create . / ; /; 

DNA-containing cpmplexes,jMiose charge characteristics are co with \ 

• DNA uptake by the -target ceil; or (3) result in the' trainsient formation of pores jh > 
the plasma membrane pf a ceil exposed to ah electric pulse; pores of sufficient size 

to allow DNA to enter the target ceil. The factors that deterrhine which method on 
selects are (1) the duration of expression required i.e., transient vs. stable expression, 
and;(2) ; the type of cell to be transfected. The specific details of each procedure are 

• described ; here; Transfections may , be carried dyt ; by well established methods 

• ^ including electroporation, calcium, phosphate preci^tat^ Y ; ; 

1. Transfection methods 

A. Calcium Phosphate Transfection Method 

The most commonly used method to transfer DNA into recipient cells is the co- . 
precipitation of the DNA of interest with calcium phosphate, after which the precipitate 
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is added to the cells. With this technique, DNA entering the cell is taken up into 
phagocytic vesicles. Sufficient quantities of DNA enter the nucleus of the treated cells 
to allow relatively high frequencies of genetic transformation. 

This procedure has been shown to be appropriate for. the transfer into a variety of cell 
lines of single-copy genes present in the total genomic DNA derived from a donor cell 
or tissue sample. Using a variety of cell types, transfection efficiencies of up to.10" 3 
have been obtained. This is the method of choice for the generation of stable 
transfectarits. 

Variations of the basic technique have been developed: If the experiment involves 
the transfer of plasmid DNA, one may choose to include high-mplecular-weight . 
genomic DNA isolated from a defined cell or tissue source. The addition of such DNA, 
called carrier DNA, ofte£ serves to increase the efficiency of transformation by the 
plasmid DNA. Upon arrival of the plasmid DNA/carrier t DNA calcium phosphate co- 
precipitate to the nucleus of the treated cell, the plasmid DNA appears to integrate into 
the carrier DNA, often in the tandem array, and this assembly of plasmid and carrier 
DNA, called a transgenome, subsequently integrates into the chromosome of the host 
cell. 

■ Another procedural option is the addition of a chemical shock step to the transfection 
protocol. Either dimethylsulfoxide or glycerol are appropriate. The, optimal , 1 , 
concentrations and lengths of treatment vary from cell line to cell line. The use of these 
agents can dramatically affect cell viability. 

Chen and Okayama (1987) carefully optimized this transfer technique. They reported 
that incubation of the cells and the co-precipitate is optimal at 35°C in 2-4% C0 2 for 
1 5-24 hours; that circular DNA is far more active than linear DNA,. and that ah optimal, 
finer precipitate is obtained when the DNA concentration is between 20-30 mg/ml in 
the precipitation mix. 

If the protocol presented here does not yield the desired result, it may be wise to alter 
the incubator temperature, C0 2 concentration, and DNA concentration to those just 
v cited - However, those temperature and C0 2 concentrations are not optimal for cell. , 
growth and should be maintained only temporarily. 

Method 

Day i: ■ \- . - - : * ■ . . v ^ ' 

Seed 1.3 X 10 6 cells per 100-mm dish. Cells should be about 75% confluent when used to 7 
seed the dishes. . , 

Day 2: 

Prepare a large calcium phosphate cocktail mixture to transfect many plates simultaneously. 
Protocol is given for 1 ml (or 1 X 100-mm dish equivalent) of solution. Scale up the amounts 
as necessary, and allow for an appropriate amount of sample-transfer errors. 
Adherence to sterile: technique is critical. Use sterile reagents, tips, and tubes. 
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1. Add 1-20 g DNA (1 mg/ml in sterile TE, pH 7.05) to 0.45 ml sterile H 2 0. Note: First 
M sterilize M DNA by ethanol precipitation with NaCI (0.1 M final aqueous concentration) 
and 2X volume 200% ethanol. 

2. Add 0.5 ml 2X HBS. Mix well. 

3. Add 50 I of 2.5 M CaCI 2 vortex immediately. 

4. Allow the DNA mixture to sit undisturbed for 15-30 minutes at room temperature. 

5. Add 1 ml of the DNA transfection cocktail directly to the medium in the 100-mm dish 
(plated with cells oh day 1). 

6. Incubate the dishes containing the DNA precipitate for 16 hours at 37°. C. Remove 
the media containing the precipitate and add fresh complete growth media. 

7. Allow the cells to incubate for 24 hours.. Post incubation, the cultures may be split 
into selective media. Split cultures 1 :5; however, to isolate individual colonies for 
further analysis, split cultures 1:10 and 1:100. 

B. DEAE Dextran Transfection Method 

DEAE dextran transfection is the method of choice for transient transfection of cells in 
culture. This is due to the relative ease of preparation of the DNA/DEAE dextran 
mixture for transfection as well as the high efficiency of transient gene transfer and 
expression that can be accomplished with this technique. DEAE dextran mixture 
is prepared, and the DNA sample of interest is added, mixed,; and then transferred to 
the cells in culture. This method yields transfection- efficiencies of as high as 80 
percent. DNA introduced into cells with this method appears to undergo mutations 
at a higher rate than that observed with calGiurh-phdsphate-mediated transfection. 

Day 1:' ' • ' ' ••• ' '"' 

1. Seed cells at a concentration of 2 X 10 4 ceIIs/cm* in a total volume of 2 ml/well (1.92 X 
10 5 ). fcells/well of a six-well cluster dish. Cells should be about 75% confluent when used to 
seed the dishes. 

Day 2: 

1. Reijspend 0.5 ml DEAE Dextran (in TBS). Final DEAE Dextran concentration should be 

about 6.04°/o. >: ^'' ^ - --^ 

2. Observe cell monolayers microscopically. Cells should appear about 60-70% confluent 
and well distributed. f ; ; 

Bring all reagents to room temperature. 

3. Aspirate off growth media and wash monolayer once with 3 ml of PBS followed by one> ;: p,. 
wash with 3 ml of TBS. 

4. Aspirate off TBS solution and add 100-125 ml of the appropriate DNA/DEAE-Dextran/TBS 
mixture to the wells. ; - : ' - 'f' 

5. Incubate dishes at room temperature inside a laminar flow hood. Rock the dishes every ^5 
minutes for 1 hour, making sure the DNA solution covers the cells. 

6. After the 1 -hour incubation period, aspirate off the DNA solution and wash once with 3 ipl. 
of TBS followed by 3 ml of PBS. 

7. Remove the PBS solution by aspiration and replace with 2 ml of complete growth media :l 
containing 100 M chloroquine. Incubate the dishes in an incubator set at 37 C C + 5%rC0 2 
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for 4 hours. . 

8. Remove the media containing chloroquine and replace with 2-3 ml of complete growtn 

media (no chloroquine). 

9. Incubate the transfected cells for 1 -3 days, after which the cells will be ready tor 
experimental analysis. The exact incubation period will depend on the intent of the 
experiment. We find that optimal expression of transfected cytokine genes and cell-surface 
proteins occurs at 3 days post transfection. 



C. Flectroooration 

Electroporation is a process whereby cells in suspension are mixed with the DNA to be 
transferred. This cell/DMA mixture is subsequently exposed to a high-voltage electric 
field. This creates pores in the membranes of treated cells that are large enough to 
allow the passage of macromolecules such as DNA into the cells. Such DNA 
molecules are ultimately transported to the nucleus and a subset of these 
molecules are integrated into the host chromosome. The reclosing of the 
membrane pores is both time-and temperature-dependent and thus is delayed by 
incubation at 0°C. thereby increasing the probability that the molecule of interest 
will enter the cell. 

Electroporation appears to work on virtually every cell type. With this technique, the 
efficiency of gene transfer is high for both transient transfection and stable 
transformation. One important technical difference between electroporation and other 
competing technologies is that the number of input cells required for 
electroporation is considerably higher. 

Method 

1 . Harvest, by trypsinization, and pellet exponentially growing^cells, then wash twice witn 
electroporation buffer. 6 . 

2. Resuspend cells in electroporation buffer at a concentration of 2-20 X 10 cells/ml in 
an electroporation cuvette. 

3. Add 5-25 mg of DNA that has been linearized to the cell suspension. 

4. Insert or connect the electroporation electrode according to the manufacturer's 
instructions and subject cell/DNA mixture to an electric field (pulse). 

5. Return cell/DNA mixture to ice and incubate for 5 minutes. 

6. Plate cells in non-selective medium. Biochemical selection may be carried out 24-48 
hours later. 



EXAMPLE 6 
Immunizing Constructs 

Pharmaceutical Compositions and their Manufacture 
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peptides and superantigens as given below. The basic in vivo method for 
immunization is given herein. 

tumor Vaccination . Patients will have cryopreserved autologous tumor cells 
for subsequent tumor vaccination and IVS culture. Fresh resected tumors will be 
dissociated under sterile conditions into single cell suspensions by mechanically 
mincing tumor into 5-mm 3 pieces followed by enzymatic digestion. Generally, 1 g 
of tumor will be digested in a minimum volume of .40 ml of an enzyme mixture 
consisting of HBSS containing 2.5 units/ml of hyaluronidase type V, 0.5 mg/mi .of 
collagenase type IV, and 0.05 mg/ml of deoxyribonuclease type I (all from Sigma 
Chemical Co., ST. Louis MO). The digestion will be performed at roqm temperature 
with constant stirring in a trypsinizing flask for 2 to. 6 h. The resulting cell 
suspension will be filtered through a layer of .No, 1 00 nylon mesh (Nytek: TETKO, 
Inc., Briarcliff Manor, NY) and cryopreserved in 90% human AB serum (GIBCO, 
Grand Island, NY) plus -10% dimethyl sulfoxide (Sigma) as -1.78° C in liquid 
nitrogen for subsequent immunization and culture. 

For immunization, cryopreserved tumor cells will be thawed and washed twice in 
HBSS, Viable tumor cells will be irradiated to a dose of 25 Gy, counted by trypan 
blue exclusion, and resuspended so that a volume of 0.2 to 0.4 ml contained 1 to 
2 x 10 7 viable tumor cells and 10 7 colony-forming units of fresh-frozen Tick BCG 
(kindly supplied t>y M.G. Hanna. Ph.D., Bionetics Research. lnc:,,Rockvi!!e, 
MD). Patients will be vaccinated;i.d. at two sites approximately 10 cm from 
superficial inguinal, or if necessary, axillary LN. Lymph node regions with 
previous dissections or clinical evidence of tumor will be avoided. 

Methods for Obtaining and Purifying Tumor Specifi c Effector Cells: 

A. immunization in vitro of PBL. TIL, Eluted T Cells from Immobilized 

' Antibody Columns or Tumor Vaccine Primed Lrniph N o He Cells with Tumor 
Peptides plus Selected Superantigens or Mu tant Supenmtigen ( if VB 
clonaiity is identified ). 

Regional lympKnbde cells draining tumor sites or lymphoid cells obtained after 
tumor vaccine priming or perphferal blood T cells or TIL may be used as a source 
of T cells. T cells may also be obtained from TIL either before or after tumor 
vaccine immunization in vivo by methods given below. 

B. Isolation and Culture of Tumor Draining Lymph Node Cells 

Approximately 10 days after in vivo immunization, enlarged draining LN vvill be 
removed for culture. A single cell suspension of LN cells will be obtained by 
mechanibar dissociation. Briefly, LN will be minced into 2-mm3 pieces in cold 
HBSS with a scalpel. The fragments will be then pressed through a stainless 
steel mesh with a glass, syringe plunger. The resultant cell suspension will be 
filtered through nylon mesh and washed in HBSS. Cultures will be established 
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in 300-ml culture bags (Livecell Flasks: Fenwal, Deerf.eld IL i with 20C I to 250 ml 

of CM containing 1 to 2 x 10 s LN cells/ml and 1 to 4 x 1 0 s .rrad.ated (60 1 Gy) 

tumor cells/ml. After 24 hours staphylococcal enterotoxin B (SEB) will be added 

at a concentration of 1 picogram/ml to 20 ug/ml for 2 days. CM consisted of RPMI 1640 

with lO^humanABsemm 2 mm fresh L-glutamine, 1 mM sodium pyruvate. 100mg/m> 

of streptomycin, and 50 mg/ml of gentamicin (all from GIBCO. Grand sland. 

NY) IL-2 (Cetus. Emeryville. CA: provided by Cancer Treatment Evaluation 

Program National Cancer Institute) was added at the initiation of the cultures at a 

concentration of 600 lU/ml (1 Cetus unit=6 IU of IL-2). Culture bags will be 

incubated at 37 in humidified 5% C0 2 . Cell counts from aliquot obtained from 

random bags will be followed to observe for lymphoid cell proliferation. LN 

cells will be harvested when cells reached maximal density usually after a total of 

5-7 days in culture followed by IL-2 at 24 lU/ul for 3 days. The cells will be 

washed once at the end of SEB incubation and before the addition of IL-2. 

For comparative analysTs, PEL, will be obtained from patients the .same day as the 

LN harvest PBL will be isolated by Ficoll-Hypaque gradients from 60 ml ot 

terarinteed blood samples. The PBL will be placed in 

Sure plates at the same cell density as LN cells. PBL will be harvested at max.mal 
cell density and characterized by phenotype analysis and cytotoxicity. 

C Isolation of PBL . 

PBL were separated by Ficoll/Hypaque sedimentation. Cells will be recovered from the, 
interface washed in PBS. and pelleted for RNA extraction: 

n iQnlatinn of TIL and Tumor Cells. 

TIL will be isolated from ^ 

modifications . Briefly, tumor tissues were minced into 1-mm3 p.eces which areW 
isolated into single cell suspensions in rDUlbecdpls, modified 
medium (Gibco, Grand -Island. NY) supplemented with 10% heat-,nact.yated human AB 
sehjm (NABl, Miami, FL), 0.05?/o, collagenase (type 4^ 

MO) and 0.002% DNase (type 1; Sigma) on a magneticstirrer for,1 M^^' 
the tissue digests are washed and passed through a nylon mesh and TIL and tumor 
cells are' separated on discontinous (75%/100%) Ficoll/Hypaqu^pdien s ; 
Lymph node lymphocytes will be obtained by mechanical dissociation °« tissues, 
followed by washing in medium and centrifugation on Ficoll/Hypaque gragieni 
(Newell. K.A.. etal. Proc. Natl. Acad. Sci.. 88, 1074, 1991)). 

E. TIL Culture ; ••/:<v-; 

Crybpreserved suspensions of tumor cells/TIL will be defrosted. , 
washed, and separated by allowing tumor cells to adhere to the surf^ of p|st.c 
wells. The recovered nonadherent TIL are transferred to wells ; rf.6^s 
and cultured in serum-free AJM-V medium (G.bco) supplemented . . ( 

" of IL-2 (Cetus-Chiron. Emeryville. CA) for 8 days. Tumor cells are cultured as 
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adherent monolayers in Duibecco's modified Eagle's medium (Gibco) supplemented 
with 10% (v/v) of fetal calf serum. 

F. Immobilized Antibody Columns for Isolation of T Cells with VB Specificity 
from Blood and Tissues 

Antibodies to various Vp subsets will be immobilized on inert solid supports and < 
incubated with blood cells and/or tissue cells to include bone marrow and cells arid 
TIL. The bound T cells will be eluted with various buffers. Biocompatible inert 
supports will include polystyrenerpoiyacrylamide, nylon, silica and charcoal as well 
as others known in the art. They will be derivatized for covalent binding of 
> antibodies with well known agents in the art including heterobifunctiohal 
compounds, carbodiimide and glutaraldehyde. The enriched population of Vp 
bearing T cells will then be further, expanded in JL-2 and used for in vitro 
immunization or anergization with the appropriate superantigens, peptides and 
superantigen-peptide conjugates. : r * 

EXAMPLE 9 

Effector Cells r; 

General Procedures for In vitro Immunization Using Tumor Associated Pep tides (TAA) 
and Superantigens, Superantigen-Peptide Conjugates and Tumo r Cell Transfectants to 
Produce Tuhidr Specific lEffector Cells 

ft Stimulator Constructs 

PBMG to serve as source of HLA-A1 for peptide binding will be separated from 
peripheral blood of HLA-A2+ patients and healthy donors ^ centrifugal of Ficoll- 
Hypaque gradients and used as .fresh or^ Cryopreserved r 

groups of autologous ,R BMC. will be thawed, gashed twiqe in PBS, resuspended 'at 
5 to 8 x 10 6 cells/ml in CM and pulsed with 1 mg/ml peptide in IS^nil conical tubes 
(5 ml/tube) for 3 h. at 37° C. These PBMC (stimulators) will then be irradiated at 
3000'rads, washed once in PBS, and added to the responder cells at responder 
stimulator Ratios rapging : between 1:3 and 1:19. , r 

B. Effector T Cells 

Effector T cells will be derived from PBMC.bone marrow, lymph nodes, TIL or ^ 
eluates obtained from immobilized antibody;^ and healthy - 

donors by centrifugation on Ficoll-Hypaque gradients arid used as fresh 
' cfyopresen/ed samples. To generate .responder T cells . from TIL cultures, the 
dissociated tumor suspension will be cultured for 1" to 2 days in 10% FCS RPMI 
1640 medium to allow tumor cell adherence. The lymphocytes, recovered from the 
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non-adherent fraction will be used for the induction of peptide-specific CTL as 
described below. 

C Seciuential In vitro Immunization with Peptide «"H Superantigen 

Effector lymphocytes will be stimulated with peptide bound to irradiated PBMG 
Simulator cells) for 1-3 days. Dendritic cells, macrophages or other class I bearing 
cells may be used, the T cells will then be analyzed for Vp profile. A superant.gen 
such as enterotoxin A or B will then be added to the culture (1 p.cogram \o 10 
microgram), if a given Vp predominance is noted after peptide simulation then a 
superantigen known for its ability to specifically stimulate that VP subset will be 
selected. Culture will proceed for 1-3 days. The vp profile of stimulated T ceHsw II 
then be rechecked. IL-2, 12-25 IU. will be added for an additional 3 days and the cells 
will be harvested for use. The optimal timing of superantigen introduction after pept.ae 
stimulation is between 3 and 14 days. APCs of all kinds such as ddndr.t.cceHs B cells 
or macrophages with appropriate class II binding sites for superan ^ '^^^^^ 
or the superantigens may be presented alone or in .mmob.l.zed fornr without APUs 
Before IL-2 administration effector cells may be restimulated weekly by wash.ns and 
replating in 24 well plates at a concentration of 2.5 x 10 5 cells/ml in CM. This may be 
continued for 3-10 cycles until enough cells are available for IL-2 expansion T cells 
may be cloned 7 da^s after the severe, cycles of stimulation in 96 well round bottom 
plates at 0.3 cells/well with 5 x 10 4 stimulator peptide-PBMC. superant.gen and 25-50 U, 
. recombinant IL-2 in a volume of 200 ml. 

for long term growth; clones 1 will be transferred to 24 well plates and^x lO^ _ ^ ^ . . 
cells/well and stimulated weekly with superantigen plus 5 x 1 0 pe^.de-T^MC ag| , 
25-50 U/ml of IL-2. After clones grow to greater than 2x10 ceUs, they wiH be 
maintained by culturing with superantigen only for 48 

superantigen and replating in fresh media for 5-7 days w.th 25-50 U/m IL-2 The initial 
incubation will be with MART-1 for 1 -3 days with the latterreagents followed by 
VP profiling and restimulatibh with superantigen by methods given ^^ s -;^..^ wi|l 
MART-1 Will be presented attached to HLA-A1 + cells of PBMC. Cytotox.c a^ct.v.ty w.a 
be tested after the first and/or second rounds of sequential stimulat.on with peptide 
and superantigen given below. . 'V'*,'. ' V\.",' V 

Alternatively, stimuiants such as peptide-superantigen conjugates br fu ,f on P r °J e j"^ . 

or tumor cell transfectants expressing ctfSal, superantigens; class^l 

molecules will be used. The initial incubation will be 1-3 days with the latter jeagents 

followed by VP profiling and ^stimulation by methods given .^bove . «ne 

peptide-superantigen conjugates and fusion proteins, will be pre se nted 

HLA-A1+ class II positive APCs of multiple types including but not limited to peripheral 

blood, dendritic cells, macrophages or B cells. 

Tumor specific hybridomas may also be generated by immunization X^**"™^ 
cells with peptide and superantigen given simultaneously or sequential! y ; £ne ithe 
order) or an immunotherapeutic superahtigeh-peptide conjugate or tumor ceu 
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transfectants expressing superantigens, class II and /or class I molecules for 1 to 6 
days followed by further expansion in lL-2 ( ~650U/ml) for 1-6 days. The expanded T 
cells may then be fused to a thymoma and cloned by limiting dilution or other methods 
well known in the art. Cells may be cultured for example in complete tumor medium 
composed of Eagle's MEM supplemented with 10 |iM 2-mercaptoethanol, 10% fetal calf 
serum, 10% Mishell-Dutton Nutrient cocktail, 100 U/ml penicillin G and 200 jig/ml- 
streptomycin sulfate but other known culture media well known in the art may be used. 

For superantigen immunization in vitro, various antigen presenting cells may- be used 
including class II positive T cells/ Purified class II molecules alone or in immobilized 
form may substitute for APCs. Moreover, T cells may be activated -by .some 
superantigeris without APCs when presented to T cells in immobilized form or in the 
presence of various cytokines such as IL-1, IL-2,' IL-4 or IL-6. Various adhesion 
molecules such as ICAM-1 and VCAM-1 may be used together with superantigens and 
class II positive APCs or immobilized class II peptides to, augment the T cell response. 
, Peptide immunization may also involve the binding of peptides to, class I bearing APCs 
of .multiple origins. Various cytokines including but not limited to I L-1, . IL-2, JL-4, IL-1 2 
may be used in vitro or in vivo to expand the antigen specific clone of T cells and avert 
the development of T cell anergy. 

In addition, the fasAg ligand (fasL) has been identified as a type II transmembrane 
protein that belongs to the TNF family of proteins: It has been- shown -that these two 
related receptor-ligand molecular systems signal apoptosis through closely related but 
. distinct pathways! T cell ph'ehbtypes which have diminished expression of jas.pr fasL 
show delayed anergy induction and shortened non-reactivity kinetics compared to fas 
expressing cells. Activation cell death induced by superantigens (AICD) jn vitro or in 
vivo may be averted using T cells which are fas deficient; which are downregulated for 
fas or fasL receptors, or which have the fas receptor blocked. The addition of fas-IgG 
fusion, protein during the superantigen activation phase will also prevent AICD or 
anergy induction. Measures including but not limited to _the above which protect the T 
cells from anergy induction or AICD will demonstrate prolonged survival and enhanced, 
tumoricidal properties in vivo after activation by tumor peptide and superantigen or 
tumor peptide-superantigen conjugates ^ i..: et., ■ -, 

D. Prevention of Anergy and Apoptosis in T Cells Stimulat ed In Vitro with 
Peptides and Superantigens or Peptide-Superantiqen Conjugates, 

Apoptosis of T cells oranergy induction may occur after in vivo activation of t cells or 
T cell hybridomas with superantigens. Exposure of T lymphocytes to superantigens 

. such as SEB induces a strong proliferative response. However, prolonged exposure 
with subsequent re-stimulation of the 5 responding T cell population with SEB leads to 
the apoptotic events of activation^riduced cell death (AICD). In contrast J cells 

.. derived from either Fas deficient Ipr or Fas ligand deficient gRd autoimmune mouse 
strains fail to undergo AICD and, instead, mount a vigorous proliferative response. , 
Hence, the decision of whether a lymphocyte will mount a beneficial (anti-tumor, 
antiparasite) or an auto- aggressive response may depend on the functional state of its 
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anti-apoptotic machinery. For effective anti-cancer therapy it is necessary to devise 
methods that prevent superantigen induced apoptosis in order to sustain tumoncidal 
function of the T cells that are infused into tumor bearing hosts. 

A small number of genes have been shown to be essential for mediating programmed 
cell death after activation of the TCR/CD3 complex. Superantigens mediate apoptosis 
in T cells via similar signaling and molecular networks. Blocking the expression ot 
essential genes will rescue cells from superantigen-induced apoptosis. The tumor 
suppressor gene or p53 and protooncogene c-myc are essential in some forms ot i ceii 
death' C-mycs act as bivalent regulators determining either celi proliferation °r 
apoptosis depending on whether free movement around the cell cycle is supported by 
arowth factors or is limited by growth factor, deprivation or treatment with other cycle 
blocking agents. The oncosuppressor gene P 53 may initiate apoptosis by causing G,/S 
arrest in cells expresspg c-my.e. p53 exerts its effect at the initiation of apoptosis and 
is induced by agents that cause ONA strand breakage such ionizing radiation or 
etopbside. A second class of genes appear to offer protection and rescue cells from 
■ superantigen-induced T cell death. The best characterized are Bcl-2 and ras rideed, 
proto-oncogenes and oncosuppressor genes including Bcl-2 which inhibit apoptosis 
and myc and p53 which enhance apoptosis operate at different points along the 
apoptosis pathway. 

Superantigen induced apoptosis is mediated via activation of the Fas and Fas ligand 
receptors. The resulting tyrosine phosphory lation -of multiple cellular proteins 
temporarily linked to Fas ligation is requiredfor the development of apoptosis 
Moreover, Fas ligation, protease activation and cyclin dependent kinase funj.on may 
act in series to mediate superantigen driven apoptosis. An increase in intracellular 
calcium and activation of protein kinase Care essential for superantigen .media ed 
apoptosis; Apoptosis at the level of T cell receptor signaling is mediated by Nur/ /. 

Mutations of genes involved in apoptosis includingPas, Fas ligand ^hematopoietic 
cell phosphatase (Hcph) have been identified in animal models of autoimmune d sease. 
A defect in Fas is encoded by the Ipr mutation of certain autoimmunity-prone mouse 
strains and overexpression of the anti-apoptotic proto-oncogene Bcl-2 gWMJ» s 
autoimmune symptoms. Mutation of the Nur 77 gene results in potent anti-apoptotic 
effects! ..•'?*• ' y ,'»--•• / .V,/::-*.. 

Superantigen mediated stimulation results in Ca~ dependent, ^° n ^ e ^i^f diated 
cell killing depending on the activation status of protein. kinase p (PKC) i nese 
nucleases may be present constitutively or they may be inducible, Phorbol esters 

that activation of protein kinase G abrogates cell suicide.: Protective effects of PKC 
occur after activation by IL-1 which raises intracellular d.acylglycerol a PKC stimulator. 

Superantigens may induce AICD via the TCR/CD3 signaling^ P^^^^™^ ^imed* at 
similar genetic and metabolic sequences. Hence,, ant.-apoptot.c strategies aimed at 
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inhibiting the TCR/CD3 signaling and activation pathways would be applicable to 
superantigens as well. 

Pro-apoptotic molecules induced by superaritigen stimulation of T cells including but 
not limited to the myc, Nur 77, p53, Hcph phosphatase. Fas and ras may be inhibited 
by the addition of corresponding anti-sense molecules or intracellular neutralizing 
antibodies using oligonucleotides or transfected DNA that, are specific for the genes or 
gene products given above. These antisense molecules and antibodies may interfere 
with all aspects of AICD without affecting lymphokine production. Additional anti- 
apo'ptotic molecules include endonucleases and various proteases which are capable 
of degrading the ^bove prb-apoptotic genes or gene products. In. addition, 
downregulation of genes and gene products for the various pro-apoptotic molecules 
also be desirable to avert apoptosis. 

Additional anti-apoptotic molecules are NFxa transcription factors. Proteases which 
hydrolyze INFica, the inhibitor of NFica, produce additional anti-apoptotic effects. In 
addition, overexpression in the cell of NFm would serve as an anti-apoptotic stimulus. 
Moreover, inducers. of NFtca such as adriamycin and ionizing radiation would also 
serve as anti-apoptotic molecules. During superantigen stimulation of T cells it would 
be desirable to take steps to upregulate the activity of NFica in order to avert apoptosis. 

Anti-apoptotic strategies following superantigen activation of T cells may involve 
selective pharmacologic interference with tyrosine phosphorylation by drugs which 
include but are not limited to Herbimycin/ Gehtistein andSpaurosporin. Cyclosporin A 
which biocks nuclear gene transcription may be used to inhibit apoptosis. 
Dexamethasohe will inhibit superantigen induced apoptosis via interference .with 
protein kinase C activation. Protein kinase inhibitors such as H-7 or H-8 will also inhibit 
superantigen 'mediated apoptosis. Superantigen mediated apoptosis which, 'wc'vps 
Ca7 influx and macromolecular synthesis may be prevented by the addition of EGT/ ^. 
cyeloheximide, actinomycin D' and zinc. The addition of Fas.IgG or Fas-Fc to the media 
in the course of superantigen stimulation may-also inhibit surface activation of Fas. An^ 
additional anti-apoptotic strategy would be to add cytokines which include but are not 
limited to IL-4 IL-TO alone or together with LPS and TGFp to the media. TGFp is 
. desirable since it promotes TH-i cell production and differentiation after superantigen 
exposure. ' . ... 

Additional mechanisms for downregulating the expression of the pro-apoptotic 
molecules induced after superantigen stimulation would include creating deletions or 
mutation of the coding sequences for these molecules; Overexpression of , coding 
sequences for anti-apoptotic molecules and interference with protein, factors that bind 
to ribosomal DNA strands essential in pro-apoptotic gene regulation would also 
downregulate pro-apoptotic molecular-expression. Genetic methods-for producing 
overexpression of an anti-apoptotic stimulus include but are not limited to translocation 
of a promoter gene to a position near a strong enhancer on the other side of a 
chromosomal-breakpoint which may result in an appropriate activation or . 
overexpression of a coding sequence. Interference with the process of the readout of 
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^^^rtllrfWnQ** kexsignaling points which control pndwttn 
^clecules such as the Ras super family of rnonomeric GTPases containing Rho, 

out of the genetic sequence of the proapoptot.c genes. 

SuDerantiqen induced apoptosis is characterized by. cell and chromatin condensation 

ehdonuc.eases are anionic proteins of ^^^^^^^^e J^ 
notimum of 7 5 and a double stranded cleavage preference. Tney are ™,u 

please inhibitors : vvhich may be ; acUvated.or^a^^^ n _ 
Inhibition of protease activity which may be respons.ble for activat.on of cycnn 
ISn^ntkinases during .apoptosis and ^^^^^^^sis 
intracellular protease substrate which is normally cleared during Fas <^c^ ap 

m P ay P be added to the media coordinate with superant,gen ^r * ^ O^^^Snal. 
intervals of 1 to 4 days after T cell st.mula .on ,n vrt ^^wJ^I oM to 4 days 
with superantigervpeptide conjugates in v.vp or ?t repeated ^a^ ot ii y 

conjugates in patients whose tumors have beep removed. 




76 



WO 98/26747 



PCT/US97/23637 



Anti-apoptotic gene regulation of effector T cells will be performed before stimulation with 
peptide superantigens, peptide-superantigen conjugates or tumor cells transfected with 
superantigen, class I, class II, B-7 or a-Gal genes. The addition of antisense 
oligonucleotides, intracellular antibodies, anti-apoptotic endonucleases, kinase and 
phosphorylation inhibitors as well as protease inhibitors to effector cells is carried out at 
appropriate intervals with respect to in vitro activation with superantigens, peptides and 
peptide-superantigen cohguates or tumor cell transfectants. The addition of cytokines or 
soluble Fas-Fc or Fas-lgG to the media may occur throughout the peribd of in vitro incubation 
of effector T cells with peptides, superantigens, peptide-superantigen conjugates or tumor cell 
transfectants. 

E In , vitro T Cell Immunization with Superantigens and Cytokines wit h or without 
Antigen Presenting Cells 

Purified lymph node T cells 7-4x1 0 s cells/well) are cultured with SEB in the presence or 
absence of IL-1 (100 U/ml). IL-2 (1000 U/ml), IL-4 (1000 U/ml), IL-6 (1000 U/ml), IFN-y (1000 
U/ml) t IL-5 (1000 U/ml) f TNF a (1000 U/rhl), or syngeneic accessory cells (8x10 s cells/well). T 
cell Proliferation is quantitated after 48 hr by [ 3 H]TdR incorporation. r 

F. In vitro TCell Immunization with Superantigens Immobilized on Soli d Support 

Silica beads (diameter 10 ^m) carrying SCN-groups on a 17 spacer were the gift of Dr. K. 
Unger Institute of Anorganic Chemistry, University of Mainz. Proteins are covalently attached 
via amino groups in 50 mM borate buffer. PH 8.0. ■ £ 

Ten million derivatized silica particles are coupled with 50 ^ig ETA, SEB, or BMA030. After 48 
h incubation at 4°C the remaining' reactive groups are blocked by incubation with 0.1 M 
Tris/Hd pH 8.3. The beads are then washed extensively before- they are added to. the assay. 
5X1 0 4 purified resting T cells are incubated in round bottom wells with 10 5 silica beads 
coupled with the ligands indicated in the r presence or absence of 25 U/ml rlL-2. . Results are 
given as mean cpm 3 H-TdR ijicorporatidh; Soluble ETA is used at 10 ng/ml. 

G. Induction, Enrichment and Expansion of Tumor Specific TH-1 or Cytotoxic 
T Cell Clones for Tumor Therapy by Immunization with PNA or Heat Shock 
Protein Transfected Tumor Cells In vivo followed by Superantigen A ctivation of 
Sensitized T Cells In. vitro 

Previous studies showed thit presensitized tumor draining lymph node cells when .further 
stimulated with superantigens in vitro produced tumor specific effector cells capable of 
secreting IFNy and killing tumor in vivo . These cells appeared to be the major effectors of the 
tumoricidal response. Ah additional of TH-1 or cytotoxic T cells is to 

immunize the host iritfadern^ used): with a pia^mid 

encoding DNA for a tumor peptide known to induce rejection. Examples of such peptides 
include the the MAGE-1 and MART-1 peptides from human melanoma. Genes and cDNA 
from these and other tumor associated peptides have been isolated and they may. bp ; readily 
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em p,o y ea far nas, ionization. ^£^2*3^25. «SSSSS 
and activate cytotoxic T cells. 

Snortiy after cONA injaatian joiffi regiona. .ymph^da .g has, iron, 

^^^^ 

Elation of T cells followed by superantigen-IL-2 expans.on after irL^v. _ 
immunization with a tumor associated plasmid. 

These tr.atm.nts wi,« result in an enriched a^nd^W ^J^S 
population. Such expanded T cells will then ^arv^ed ^J^f^ ^tter sections, 
hosts used for tumor immunotherapy as g.ven in the protocols descnbed 

H Immunj ntnn onjn with Naked or Plasmid Superant|q^gggai 

riNA or Suo^ntinen-Tumor-P r phrin or a-Gal-Tumor Peptid . 

Naked or Plasmid DNA 

Superantigen or a-Ga. or superantigen^- Gal ™A in^ed ^^^^^S 
intramuscularly into tumor bearing hosts « 8 ^^af J^SSs Moreover, naked or 
antitumor response. These agents may also be used ^^e^ injecte d directly into 
plasmid superantigen or a-:G.al pr, su perant,gen-a£al _ ^JM 1 ^^? Na ked or pDNA 
tumors to initiate tumor specific.^ 

frorh a iuperantigen-tumor peptide fusion gene -^S^^^i^'FrLk 
intramuscularly or- innoculated d.rectly ^esta^s^ JJWjJ^gg^ ^ 0 in mv35C le 
immune response and tumor regression. The DNA ^^g^ -3 be used as 
cells before selective delivery into host tumor tissue. Catton.c l.posomes may 
carriers for these DNA constructs. , r. . ; > ; : :^ 

,njections of naked or pDNA may be made with a gene ^^^^^^X^ 
guage needle and administered intradermal^ or >^»«f « rt y m a toto^ volum ^ £ 
tyne applicator may be used to deliver doses of 1-1000 ng of DNA at ax w y 
Tumor rhodels and human protocols for assessment are given in examples 19 and 2U. 




Disease 

The dose of peptide and superantigen will be adjusted in order to produce anergy 
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or sensitization of T cells as might be desired for the particular peptide and disease. 
Peptides, in general, may be used in a broad dose spectrum to produce initial 
sensitization of a T cell clone. Each superantigen has its own dose spectrum in 
which it produces sensitization or anergy as desired in the T cell clone. In vitro 
sensitization with peptide or polymerized peptide alone may be the first step to 
create memory cells which may then be more effectively boosted with superantigen 
or superantigen-peptide conjugate. 

In vivo immunizing schedules may involve the coadministration of peptides and 
superantigens parenterally in relatively low doses of each. The prior administration 
of the peptide as an adjuvant several days before parenteral administration of the 
superantigen may result in sensitization. Coadministration of antigen or peptide with 
superantigen will avert the development of anergy as will IL-1. In contrast, anergy may be 
produced by preimmunizatiop with peptide in solution followed within 6-30 days by 
superantigen given parenterally. Coadministration of 0 in vivo may serve to maintain 
superantigen induced anergy. 

J. Enhancement of Antitumor Effects of Peptide-Superantigen Activated T Cells by 
Interleukin 18HL-18) 

IL-1 8 has now been shown to enhance IFN y production by T lymphocytes in vivo. IFN y is a 
major mediator of the antitumor effects produced by superantigenic activated T cells. Hence, 
IL-1 8 may be added to the media coordinate with superantigen and peptide or superantigen- 
peptide conjugate and/or added at 1 to 3 days after superantigens at the time of T cell 
harvesting and reinfusion. The IL-1 8 may also be given parenterally with T ceils which are 
activated by superantigen and peptides or superantigen-peptide conjugates. The IL-1 8 may 
be given as a bolus or as a continuous infusion for 1-3 days after T cell infusion. 

K. Protocols for Anergy Induction 

Anergy can be induced in vitro by direct TCR-mediated inactivation of certain functional 
responses in the absence of suppressor cells or inhibitor cytokines. Long lived anergy has 
been demonstrated in vivo after tolerogenic administration of superantigen or peptide. Anergy 
may be induced by TCR:CD3 engagement in the absence of constimulation that is normally 
provided by APCs. Costfmulation allows activation of IL-2 production and is mediated by the 
interaction of CD28 on the T cell with B7 molecules on the APC. 

a. Protocols for Anergy Induction In vivo 

Acute parenteral injection of superatigen in doses of 0.001 nanogram to 1 
mg will lead to cytotoxic anergy in T cell clones specific for that 
superantigen. Chronic exposure to superangtigen parenterally with various 
doses of superantigen (0.001 ng to 1 mg) every other day for 3 to 30 days 
will also produce in vivo tolerance. Superantigens may also be administered 
in various adjuvants or vaccines to induce anergy using the dosage range of 
0.001 ng to 1 mg. Anergy may be maintained by parenteral administration of 
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cultured in culture meidum (see above) (lO^ml, final volume 2 ml) in 24-well 
flat bottom tissue culture plates (#3524; Costar). The proteins are 
preimmobilized in the wells as described for 96-well plates, but added in 10- 
fold higher amounts to adjust for the increased well-surface of 24-well plates. 
The culture supernatants are harvested after 24 h and 48 h of culture. 
Proliferation is measured in parallel cultures with 40,000 cell/well in 96-well 
plates as described before. IL-2 activity is defined in a bioassay using the 
CTLL-2 indicator cell line (American Type Culture Collection). IL-4 and GM- 
CSF levels are determined in ELISA assays (sensitivity of the assays are 
>24 pg/ml for IL-4 and >0.4 ng/ml for GM-CSF). 

K. Assessment of Antigen Recognition by CTL 

51 Cr release cytotoxic assays and cytokine release assays will be performed to 
detect antitumor CTL reactivity. All assays will be performed by using CTL line£ 
at 4 to 7 wk of culture. To analyze peptide recognition, T ceil lines will be 
preincubated for 2h at 37°C with 1ug/mlpeptide, washed, and used as target cells 
in a 51 Cr release cytotoxic assay or as stimulators for cytokine release by CTL. 
Lytic units are calculated as the number of effectors/10 6 ceils required to obtain 
30% target-lysis, with 5000 labeled target cells being used in the assay. GM-CSF, 
TNF-a t and IFN-y levels will be determined by ELISA (R&D Systems, Minneapolis, 
IVIN, for GM-CSF and TNF-a; and Endogen Inc., Cambridge, MA, for IFN-.g)./CD4+ 
arid CD8+ subpopulatiohsi will be obtained by positive selection with anti-pD4 and 

./ anti-CD8 Ab-cbated culture flasks (Applied Immune Science, Inc., Santa. 0jara, .CA). 
Melanoma lines (624-, 501-, and 397-mels) are established, 624-mel clones (624- 
38, HU\-A2+, and 624-28, HLA-A2-) are obtained by limiting dilution.; Cultured 
melanbcytes (NHEM530 and 680) are purchased from Clonetics (San Diego, CA). - 
Melanoma lines A375 and HS695 and the breast cancer/lines MCF7 and MDA231 
.will be obtained from American Tissue Culture Collection (Rbckville, MD). 
. Uncultured melanomas will be obtained by enzymatic digestion of .tumor lesions 
and used as cryopreserved samples-. For cytotoxicity, target cel.ls-.wi.IL pe labeled 
with 51 Cr and centrifuged on a Ficoll-Hypaque gradient to eliminate dead cells. Only 

. , samples with at least 60% viability and 70% tumor cells by morphologic analysis will 
be Used as targets. Spontaneous, release should never exceed 30% of the 
rriaximum' s1 Cr uptake. - \, 

If Vp clonality is observed in regional lymph node cells after sensitization or in TIL 
obtained before or after peptide stimulation these cells will be further stimulated with 
selected superantigen or superantigen mutants specific for the predominant Vp 
phenotype. . .. 

EXAMPLE 10 x 

Effector Cells 

Preparation of Effector T Cells with Tumor Specificity: 
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deleted or anergized. Hence, tne nosi m«ay u« ■ k Moreove r the host mmune 

immune response to a given tumor when ^ appea ™ t0 ,ne 

response to tumor during progressive growth also be ™enu 
development of energy or during life 

52ffiTS5^ - cell deletions as we, 

specifically deleted clone. The deleted c one may ^ re P^°-^ ce j ls or embryonal 
uncommitted cells to include but not ^.^^i^o^. Th>oenes 
totipotents stem cells with f n ^ x P^^^^S^^nded ih peripheral 
may also be obtained from clonal T ce Is which ^^^^ peptides, .and/or 
blood or TIL after in vivo or in vrtro ' mmun '^°" n W '^ r £™ genes. Growth in 
superantigens or tumor cells transfected w,th ^ ^°^ t ^f " Alternatively, 
tissue culture may be aided by the add-on of ^^"fZ^ ente rotoxin or 
growth may be specifically stimulated -by the addition *f ^ s ^ec „ 
muSnt enterotoxin with specificity for the ^T^^^e^s^ and 
clone. The addition of a:s P ecific an^ 

may also serve to prevent the development of anergy in the emoryo.. , 

Hence, a tumor specific^ 

phenoiype and having the property tumor J^Sn mutants specific for 

stimulation by additional TAA or by s uperant, ger with tumor 
selected Vp phenotypes. Methodology for -creation of T ; ceii ny 
specificity expressing selected VP clonal.ty is given below. 

Propagation of the Fmbrvonal Stem Cells 

Execution of this protoco, w, serve to ensure = — £Ka^ 

cells.The- classical method, for the maintenance of ES ^ e " s ^ r % M ^ D corporation Ltd. 

feeder monolayers. An alternate ,,. ESERO P^^ a ^ 61 ^3 a^J^Fafc 61+3 
(Level 2, 17-27 Cotham Road, Kew, Victoria 3101, Australia, lei.tn 
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STO ilorob.asts (Ware and ^^J^^^^lS^^^ 
treatment with mitomycin C are used as fee der ee h y g 

|?JSrVS^ 8 X i a 0«;r°mm SZZST*^** repiaced witn ceUs 
that were frozen earlier. 

! When STO cells reach confluence (6-8 X 10 s cells/100-mm dish), aspirate the media, and 

3 Activate the t^psin by adding 9.0 ml DMEM, 10% NCS to the mono.ayer. Repeatedly 
ninette forcibly to produce a single-cell suspension. 

4 Seed 1 0m 3 the cell suspension per 100-mm dish with 10.0 ml media. 

5. fncubate at 37°C from 4-5 days until cells reach confluence and passage again. 

Preparation nf Feede r Cell Layers 

1 Treat freshly confluent 1 00-mm dishes of STO cells with inactivation media j1 0 C I ml of 
" DMEM 10% NCS supplemented with mitomycin C to a final concentrat.on of 10 0 

m g/mOfo% hours at 37-C . Use a mitomycin C stocK that is less than one week old 
and prepare the inactivation media fresh. h f new 6 n-mm 

2 While the STO cells are being treated, incubate the appropriate number Q new 60 mm 
oetri id shes with enough sterile 0.1% gelatin to cover the bottoms of the dishes, and 

hour at room temperature. Aspirate three times 

3. Aspirate the mitomycin-C-supplemented med.a and wash the monolayers tnre 
with 5-10 ml of PBS. . r 

Incubate the monolayers with 1 .0 ml of trypsin for 5 minutes at 37 U. . < 

Suspend the trypsinized cells in 14 ml of media and centrifuge at 250 X g for 
AspirL the media, resuspend the cells in 10 ml of media, and count ,n a 

6. Se^QxTo" 1 cells in 60-mm dish that has been gelatin-treated. The final volume of 

the dish should be 4.0 ml. . ^ day 

7 Incubate the feeder plates at 37°C . If the monolayer is not confluent the next aay. 

more mitomycin-C-treated cells can be added. 
8. These feeder layers are useful for about 7-1 0 days. 

A Pro pagation of Embryonal Stem Cells ES cells should be P""**^^ 
on fee der layers. Once an ES line has been established, many ^^^SSSSTon. ES 
generated to" ensure that low-passage-number cultures can be ^£%™EZ* media a 
cell cultures should be split just as they reach confluence, and they are tea wii 
few hours before subculture. 

1. Thawing of Fr " 7S " ES Cel!s 

1 Remove an ampule of ES cells from the freezer and thaw at 37°C until ice crysta.s 
disappear. 



4. 

5. 
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2. Sterilize the outside of the tube with ethanol. 

3. Pipette the contents of the ampule into a 15-ml centrifuge tube and add 5 ml of fresh 
complete media with constant, gentle agitation. 

4. Pellet the cells at 250 X g. 

5. Aspirate off the media, resuspend the pellet in fresh media, and add the ES cells to 
an STO monolayer. 

6. One day after plating, remove rrjedia and replace with fresh media. If the thawing 
procedure has been carried out properly, expect approximately 90 percent viability. 

2. Continuous Culture of ES Cells 

1 . Aspirate off the media, and rinse the ES/STO culture with 5.0 ml PBS. 

2. Add 0.5 ml of trypsin to the 60-rnm culture, dish and incubate at 37°C for 4-5 
minutes. — 

3. Add 1 .0 mi of DMEM, 1 5% FCS, and repeatedly pipette the cells with a cotton- 
plugged 9.0 inch sterile Pasteur pipette until the cell .suspension is free of " -- 
clumps. 

4. Resuspend the cells in a total volume of 15 ml of complete media and centrifuge 
for 5 minutes at 1,000 rpm. 

5. Aspirate the media, resuspend the cells in 10 ml of complete media and count. 
A typical 60-mm dish will/contain about 2 X 10 7 ES cells and 9 X 10 s STO cells. 
Therefore/the: contribution of the STO cells to the total cell suspension is 
negligible. 

6. Seed 1 ;0 X 1 0 6 cells in 4 rnl of complete media into a 60-mm dish with an STO 
feeder layer. Incubate. 

7. Subculture again in 3-4 days. 

Methods of Harvesting and Culturinq Totipotential Stem Cells for Transfection of TCR 
VB Genes and Genes with Tumor Specificity, Immunization with Tumor Specific 
Antigens, Production of T Cell Hybridoma and T Celt Clones for Reconstitution of 
Tumor Specific Immunity ^ 

Human fetal BM from 1 4-24 week gestation fetuses is obtained from Advanced ; v 

Bioscience Resources, Inc. (Alameda, CA). t Single-pell suspensions of fetal B M are prepared 
by flushing the BM cells out of the humeri and femurs using a syringe and a 22-gauge needle 
into phosphate-buffered saline (PBS) containing 1 % wt/vol. bovine 'serum albumin (BSA). The 
loW r density mononuclear cell fraction of BM is obtained by centrifugirig the cell suspension 1 
over a Ficoll step gradient (density, 1.077 ,g/mL) and collecting the buoyant bell fraction: -The 
yield of mononuclear cells from each fetal sample ranges from 1 X 10 s 'to iQOX TO 6 cells from 
two femurs. For cell sorting, cell suspensions are stained with saturating concentrations of 
the following monoclonal antibodies (MoAbs): (1) CD34-allophycocyanine (APC), CD38- 
phycoerythrin (PE), and HLA-DR-fluorescein isothiocyanate (FITC); (2) CD34-APC, CD38-PE 
plus HLA-DR-PE, and CD50-FITC, or (3) CD34-APC,. CD38-PE r and HLA-DR-FITC plus 
CD50-FTC. Single cells are sorted into the .individual well of a 96-well tissue culture plate 
containing cell culture media using a FACS Vantage cell sorter (Becton Dickinson 



85 



WO 98/26747 



PCT/US97/23637 



immunocytometry Systems [BDIS]. San Jose, CA) equipped with an automatic cell deposition 
unit fACDU) a Coherent Enterprise laser tuned at 488 nm (100mW) and a Coherent 
SDecSum laser tuned at 647 nm (100 mW). For cell analysis, 1 X 10 s cells were stained first 
wfth CD3 CD10, CD19. CD13. CD14, CD15. CD36 (GPU.b), CD43. CD49b, CD49d CD49e, 
CD50 (intercellular adhesion molecule-3 [ICAM-3], CD54 (ICAM-1), CD62E (E-selectin) 
CD90w(Thy-1), CD105 (Endoglin), or CD106 (vascular cell adhesion molecule-1 (VCAM-i)h 
followed by a washing step and staining with Preconjugated goat-antimouse Ig antisera 
(Jackson Research Laboratories, West Grove, PA). After a wash step normal mouseserum 
was added for 10 minutes, followed by staining with CD34 perdinin chlorophyll protein, CUJU- 
APC and HLA-DR-FITC Cell analysis is performed on a modified FACScan. The flow 
cvtometer is equipped with a 12-mW argon ion laser (488 nm), a 30-mW YAG laser (532nm), 
and a 10-mW HeNelaser (633 nm). PE was excited with the YAG laser, which results in a 
sixfold increase in sensitivity as compared with excitation at 488 nm. Data analysis is 
performed with the Paint-A-GatePLUS software program (BDIS). 

1 Tissue culture Tissue culture media consists of the Terry Fox long-term myeloid media 
' (TF) supplemented with one of three combinations of growth factors: medium 1: 10 ng/mL 
insulin growth factor-1 (IGF-1 ) and 2.5 ng/mL basic fibroblast growth factor (3 FGF); 
medium 2: a mixture of hematopoietic growth factors consisting of 10 ng/mL interleuk.n 
(IL)-3 500 U/mL IL-6, 10 ng/mL granulocyte-macrophage colony stimulating factor (bM 
CSF)' 2 5 U/mL erythropoietin (EPO: AMGEN. Thousand Oaks, CA). 50 ng/mL stem ceil 
factor (SCF: Genzyme, Cambridge. MA), plus 10 ng/mL IGF-1 and 2.5 ng/mL (3FGF. or 
medium 3- TF supplemented with different combinations of IGF-1, (JFGF, 10 "p'™^ 
platelet-derived growth factor (PDGF), and 10 ng/mL epidermal growth factor (EGF). 
Growth factors are obtained from Collaborative Reasearch (Bedford, MA). In 
unfractionated BM, stromal cell growth is determined in serum-free medium. supplementeo 
with IGF-1 or bFGF (GIBCO 15A and GIBCO 16A; provided by GIBCO). Tissue culture 
plates are kept at 37° C in a 5% vol/vol C0 2 humidified atmosphere. Single cells with 
CD34+ CD39-, HLA-DR-, CD34+. DC38-. HLA-DR+. and CD34+, CD38-, CD50-, 
HLA-DR-'phehotypes are deposited into individual well of a 96-well tissue culture plate. 
Each well contains either 200 mL of cell culture media containing TF + pFGF + IGF " 1 
(medium 1), or the same media supplemented with the mixture of hematopoietic growtn , 
factors described abdve (lL-3. IL-6, EPO, GM-CSF. and SF; medium 2). J^e growth of the 
sorted cell in each well is determined by visual inspection after 3,7.1 4,and 21 days °J 
culture Wells are scored as positive when they contained more than 50 cells aner i « io 
21 days of culture. The culture media of established cultures of hematopoietic and 
stromal cells are refreshed every 2 weeks by removing half of the culture media and 
replacing it with fresh media. Stromal cell cultures are replated by mechanically ( -. 
disaggregating the adherent cell monolayer on the more complex structures andxepiating 
the dispersed celis into new tissue culture wells cohtaining'fresh media every 2-J 
Nonadherent cells are removed from the stromal cell layers or stromal cell structures using 
a micropipette and an inverted microscope. 

2 »mmunophep nt V r.ina of cultured cells . Cytospins are prepared from the 
nonadherent cell populations derived from cultured single cells. Single-cell suspensions 
obtained from the. cultured cells are centrifuged at 1 ,000 rpm for 5 minutes and then 
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resuspended in PBS plus BSA at a concentration of 2 X 10 4 cells per milliter, and 5 X 10 4 cells 
are deposited onto a glass slide by centrifugation in a Shannon II cytocentrifuge (Shannon 
Inc. Pittsburgh, PA). The cells are allowed to dry in air and then stained with Wright-Giemsa 
or fixed by a brief immersion in acetone. Fixed slides are then immunophenotyped using a 
biotin-streptavidin technique. In brief, slides are sequentially incubated with 3% -vol/vol H2O2 
in PBS, incubated with an unlabeled mouse primary antibody, incubated with a diluted 
biotin-goat antimouse sera, and incubated with the appropriate dilution of 
streptavidin-conjugated horseradish peroxidase '(Jackson Research Laboratories). Each 
incubation is followed by washing the slides in PBS. The presence of bound primary antibody 
is shown by developing the peroxidase .reaction with 3% diaminobenzidine, and .then the 
slides were lightly counterstained with methylene blue. The primary antibodies used for this 
study were CD45RB, CD49b/cpiO, CD 13; CQ3, CD43, and CD50. 

3. FACS analysis of cultured cells . Nonadherent round cells that developed from 
cultured stromal cells are analyzed on the experimental flow cytometer described above. Cell 
suspensions containing 0 r 5 X 1 0 6 to 1 X10 6 cells in 1 00 mL PBS plus BSA are incubated with 
20 mL of each diluted MoAb that had been directly conjugated to a fluordcftrome. The 
following antibodies are used: CD1 tc-APC, CD13-PE, CD14-FITC, CD19-PE, CD34-APG, 
CD43-PE, CD45-FITC, CD49b-APC t HLA-DR-PerCP, CD50-FITC, and CD68-APC. Scatter 
gates are set to exclude debris with very low forward scatter or very high side scatter, and 
30,000 gated events are. collected for each sample. 

Preparation of T Cell Hvbridomas 

1. Parent T Cell Tumor Lines for Fusions . Fodr related parental T cell tumor lines are 
used. The first two are derived from the Con A-inducible T cell hybridoma, FS6-14.13. 
FS6-14.13 cells are grown in 10" 4 M AG. Most of the hybrid cells die within the next few 
days, but over a period of weeks the cultures are overgrown by surviving cells resistant to 
the drug. These cells are cloned ' at limiting dilution and th§ resultant clones are tested 
both for sensitivity to HAT arid' for IL-2 production after Con A stimulation. One r cionef 
FS6-1 4. 1 3. AG2, is selected for use infusions. In one case, a subclone of FS6-1 4.13 : AG2, 
which was selected for resistance to both AG and 1 0" 3 M OU, is used as the tumor parent. 
This subclone is called FS6-14.i3.AG2.OU8 Parental Antigen Specific T Cells for fusions. 
A population of normal T cell blasts highly enriched in antigen-specific cells is prepared by 
the method of Schrier et at. Briefly, lymph node cells are taken from humans anci, cultured 

, at 4xi0 8 /ml for 4 d with specific antigen (125 ug/ml MART-1 or other tumor specific 
antigens, 10 ug/ml KLH, or 50 iijg/rhl apo cyto c 1-65 "peptide). These; cultures contain a 
high concentration of T r cell blasts. Viable cells are isolated on Ficoll-Hypaque gradients 
'„ and are recultiired for 3-4 d at'an initial concentration of 10 6 cells/ml in medium containing 
50% IL-2 SN. The viable T cell blasts are then reisolated and used Jn lusjpns. Previous 
experiments showed that this procedure resulted in a T cell preparation 100-fold enriched 
over the initial lymph node cells in specific T cell helper activity or proliferative ability: 

2. Fusion Protocol . Cells are fused essentially by the method of Kontiainen et at. -Both 
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PEG-1540 and PEG-6000 are used. In these experiments, 4x1 0 7 T cell blasts are 
fused 1 , 1 2X10 7 FS6-14.13.AG2 or FS6-14.13.AG2.OU8, cells. Cells are plated in 
300 400 microculture wells in 0.1 ml of medium, HAT is added at 24 h and the 
"rheSium is changed about every 5 d. Hybrid growth is first apparent at about 10d and the 
^st Si are scored positive for growth at about 3 wk : Hybrids are transferred to larger 
vessefs to obtain enough cells for testing and are eventually "weaned off HAT ,n 
HT-containing medium. :i 

o CldhinaofHybridCells. Hybridomas are cloned at limiting dilution of four 96-well • 
Sure plates conta ining, on the average, 0.125. 0.25, 0.5. and 1.0 cells/well. 
When possible, functional clones are selected from thaplaterhavmg the fewest c ones. 
At no time are clones selected from a plate containing more than 20 clones (2.4 /. 
chance of more than one qlpne/well). . 

4 AHHitinnalTCeir nnnBxandHvbridomas . T Cell lines such as the ^ TRT3T3 ^ ( f ,^^ r 
cell mutant) which is CD3 TCR negative a nd MHC class I! negative may be used for 
ttansTection with VP genes and subsequent stimulatibn with peptide and superantigens. T 
S^SLs may 'be prepared . from such cells and usSd for vp^ene t—.o^and 
as targets for stimulation by peptides and superantigens, Various TH-1 anc TH-2 ctones 
which hear specific vp receptors are well known and T cell hybridomas bearing specific vp 
receptors have been established. Hybridomas which bear V P 8 alleles include the BDK 
23 fand the 22 D1 1 Both the uncommitted T cell clones, receptor negative T cell clones 
and hybridomas may be used for transfection with Vp genes and I, stimulation .with peptides 
and superantigens Receptor negative T cel. lines may be stimulated- with pept.de and 
superantigen before or after conversion to hybridomas. t 

5 Cloning of TCR ~ and fl Chain cDNA. T cell clones are purified free of APC and . , 
stimulated for 6 h with 1 ng/ml,phytohaemagglutinin-P (Sigma Chemical Co.) and 10 ng/ml 
PMA (Sigma Chemical Co.) to increase TCR a and , p. chair, mRNA expre^on , ^A s 
purified from 5 x 1 0 6 cfells, by the guanidine isothiocyanate-ac.d phenol method. cDNA is 
synthesized by a standard ol igo-dT p rimed method . cD N As encpd i ng tne H A1 . 7 TV° f 1 
and p chains are then amplified using the anchored PCR (AnPCR) as modrf.ed by Dr. P. 
Marche and Dr. O. Acuto (Institut Pasteur, Paris, France). 

" For amplication of TCR a chain cDNA an antisense primer is designed to include part of 
tl u r region (bold type), and , EcpRi,,. and Bg1 II sites. o 
^ G ^T^iTTLGCAG^^^C^TGG, 3"; the sense P^-er for the 
TCR a chain Contains a dC anchor, Xhol. NpM, and Sail sups. 5 QACTC 
- GAGCGGCCGCGTCGACCCCCeCCCC 3'. The antisense pr.mer used to ampj* ^the 
TCR p chain contains part of the C region (bold type) Kpn^ Sal I. and d al s.tes. 5 
GGTACC-GTCGACATCGATCCACCAGCTCAGCTCCACGTGGTCG 3 ^he _ sense 
primer for the TCR P chain includes a dC anchor Sph.. Hoil and Sac^s,^ 5 
GCATGCGCGCGGCCGCGGAGGCCCCCCCCCCCCCC 3". 25 cycles of AnPCR were 
performed, each cycle consisting of 1 min at 94°C, 2 min at 55°C, 3 mm at 72 C. and a 
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A. Transfection Procedures : 

1. The truncated p-chain construct is transfected into the mouse thymoma EL4 
whichis used as the T cell recipient. However, various hybridomas or 
uncommitted T cell clones (receptor negative) may be used as well. The subline 
of EL4 used expresses CD3 and TCR on one cell surface, as shown by staining 
with 2C11 (anti-CD3e), 500A.2 (antiCD3e), and H57-597 (anti-a(J TCR). The 
mouse myeloma J5581 is used as the B cell recipient. However, various T 
hybridomas uncommitted T cell clones (receptor negative) may be used as well. 
This line is a heavy chain loss mutant of J558 that makes and secretes a l-chain. 
Cells are transfected by electroporation and selected for expression of the 
neomycin-resistance gene with G418 (Geneticin, GIBCO) (0.5 mg/ml of active 
drug). Resistant cells are screened. initially for expressions of the p-chain by 
Northern analysis^Positive genes are then tested by immunoprecipitation. We 
utilize a line from a single colony of the T or B cell transfectants. 



2. The transfection system is one in which the products of human Vp genes 

are introduced into human TCR expressed on the surface of a human T cell 
hybridoma. The specificity of this receptor is then be determined by the ability 
of the transfectants to produce interleukin-2 (IL-2) when stimulated with various 
toxins presented by cells bearing class II MHC molecules. Initially, transfectants 
are produced with receptors bearing either human (h) Vpi3.1 or Vp13.2. 
Representative clones with good TCR surface expression are tested for 
reactivity to toxins presented either by class II+ B-cell lymphoma, or by splenic 
class II+ non-T cells of various HLA haplotypes. Immobilized anti-Vp antibody 
(that is, an antibody to the TCR p-chain constant residues) is used as a positive 
control to measure maximal TCR-mediated stimulation. 

Production of T Cell Clones with Selected VB Phenotvpes: Transfection of Specific 
VB-Chain Genes into Uncommitted Embryonal T Cells or Hvbridoma 

A. Preparation of Truncated B-chain Gene for Transfection (Gasgoigne, N.R. J- Bio - 
chemistry. 256, 9296, 1990) 

Truncation of the B-chain Gene - To accomplish this, the codons for the first 2 

amino acids of the C p2 exon plus a serine residue and chain termination codon 

are added to the end of the C a , exon, as follows. The C P i exon [derived from 

the 3' -most C^gene] encoding the external globular domain of C p is subcloned 

as an EcoR1 to Sad fragment in pGEM3. RNA is made from this template 

using the Sp6 RNA polymerase promoter. To perform the mutation, an 

oligonucleotide primer ^« fX 
(S'GGATCCGGATCCTATGAACAGTCTGCTCGGCCCCAGGCCTCTGCS ) 

is used. This has a region of complementarity of 22 nucleotides with the RNA 
but with extra sequences present to delete the C P i-C p2 splice signal and to add 
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the C a2 -encoded amino acids Asp-Cys followed by Ser-Stop and two BamHI 
recognition sequences. A first strand cDNA is made with this primer using avian 
myeloblastosis virus reverse transcriptase. . The second strand cDNA is made 
using a primer specific for the 22-nucleotide region immediately 5' of the Bglll 
site 496 base pairs upstream from the start of C p2 using the Klenow 
fragment of DNA polymerase I. The resulting double stranded cDNA is cut to 
completion with BamHI plus Bglll, gel purified; and cloned into pGEM3 cut with 
Bglll plus BamHI. This construct is sequenced to ensure that only the predicted 
mutation is obtained. A plasmid containing the immunoglobulin heavy chain 
enhancer (E H ), the promoter, and signal peptide exon from the MPC-11 
k-chain gene, and the rearranged VDJp exon from the T cell 2B4 (VP2B4) in the 
5.7-kilobase EcoRI to BamHI fragment of pH3APr-1-neo is prepared. This 
fragment of the vector contains a neomycin resistance gene and the 3'^ 
untransfected region and poly(A) addition site from SV40. V02B4 consists of 
Vp 3 ,Dp2 and Jp 2 . 5 . 2B4 is a well characterized T cell hybridoma that recognizes a 
pigeon cytochrome c peptide with lEk. The mutated C p exon is cloned as a Bglll 
to BamHI fragment into the BamHI site of this plasmid, resulting in a gene 
consisting of L k , V Pl and mutated coding sequences. This construct permits 
replacement of the V p exon at the Sail site. For example, Vp2B4 is excised with 
Sail .and replaced with the VpD10 exon. D10 is a cloned T helper cell 
responsive to cohalbumin plus TAk. The V region exon consists of Vpei, Dp 2 , and 
Jp2i and was kindly provided by Drs. J. Kaye and S. Hedrick. A region from of 
EcoRI site between the leader and V region exon to the Kpnl site downstream of 
J02.2 is subcloned twice into pUC19 so as to flank it with Sail sites: 

B. Cloning of T Cell Receptor DNA for f ransfectioh 

The Vy9 chains from T cell clones, 9 A dnd IX, are cloned by RT-PCR using 
primers that spanned the entire molecule Vy9LA-oiigo t 
GAG CTC GAG GTCTAAC G CTTCTC , and CY4-oligr3, 
, GCGATCGATCGAGATCTTATTACGGAAAAACACAC. The products are 
digested with Sacll and Xhpl cloned into Bluescript ancTsequenced. The y-chain 
from hybridoma Hy1 1 is Amplified and cloned in a similar way c with a different V 
region primer, Vy3L-oligo, GAGCTCGAGGATCTTCTGCTCCTCv' The chains 
are subcloned into the pHpApr-1 vector without any selection marker or into 
pREP4a (a gift of Dr. Mark Tykocinski, Case Western Reserve University, 
Cleveland, OH) expressing hygromycin resistance. 

The 5-chains are doned by RT-PCR of RN A from the y5 T c^ils. The'V5: .. 
regions are amplified with primers that begin 5' of the AUG translational start - 
signal ( V6iLx-oligo 1 
TACTCGAGCTGCCCCTGAGTGAGCCATGCTGTTCTCCAGCCTGC, 

or v52L TACTC G AG CTG C C C CTG AGTG A G C C ATG C , and a C region primer 
CS3-oligo GAGATGACAATAGCAGGATCAAACTC. Atter RT-PCR, the product 
is digested with the restriction enzymes Xhol and EcoRI then cloned into 
Bluescript (Stratagene, San Diego, CA) and sequenced. This fragment is 
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combined with previously characterized EcoRI-BamHI C region fragment (19;and 
E. Loh, unpublished data) that retains the first C region intron, contains the 
entire 3' untranslated region to the second polyadenylation site, and includes a 
poly (A) stretch, approximately 70 bp long from the original cDNA. This 5-chain 
is cloned into the multiple cloning site in the p-actin vector, pHpApr-1-neo, 
which allows selection with the antibiotic, G418. A second vector, 
pREP9, also expressing neo resistance is used for the expression of (3-chain 
in some experiments. While the above methods is given for cloning Vy chains 
from T cell clones, similar methodology is well known in the art for cloning other 
components of the T cell receptor from T cell clones to include Vp, Va and CDR 
structures. 

Transfection and Selection of Positive Clones 

The electroporations are performed with a Bio-Rad Gene-Pulser using 250 V/0.4 
cm and 960 mF. The two expression plasmids are linearized with Pvul and were 
cotransfected using 10 mg of the 5 construct and 100 mg of the y construct DNA. 
Two days after electroporation the cells are transferred to medium containing 1.0 
mg/ml of G418 (GIBCO BRL, Grand Island, NY). The successful transfectants 
obtained after approximately, 3 wk of selection are analyzed for expression of the 
r TGR/CD3 complex by OKT?, TCR-d1 , dTCs, BB3.and TigA mAbs. The Vy9A/d1 
transfectants with the y and 5 gene segments under Rous sarcoma virus (RVS) 
promoter (pREP) contained Jess than 20% TCR/C D3+ cells, whereas those with 
cDNA segments expressed under p-actin promoter (pHb-Aprr-l-neo) had on average 
30% positive cells. Cultures are enriched for TCR expression by sorting for 0KT3 or 
TCR-d1 reactive transfectants on Epics Elite flow cytometer followed by cloning by 
limiting dilution and selection of transfectants for a high level of TCR/GD3 expression. 
Transfectants that survived the ; antibiotic selection but did not express the cell surface 
TCR-gd are chosen as negative controls for some of the experiments. 

Construction of plasmid pTBF-neo: The cD N A fragment . specific for the p-chain is 
subcloned into vector pFP502EB51 1 1 downstream from the SFFV-LTR, to create 
plasmid YT35. pTBF-neo is constructed and then transfected into Escherichia Coli 
strain DHL The bacteria are cultured, converted into protoplasts and fused to J.RT3- 
T3.5. Cells are .plated at a concentration of 10 5 cells per ml in 24-well culture plates 
and incubated for 48 h. Geheticin is added (2rhg/mr 1 ) to select for transfected clones. 

Cloning of VB cDNA from T cell lines 

The p-chain cDNA is cloned by PCR according to the manufacturer's instructions 
(Perkin. Elmer Corp., .Norwalk, CT) from a T cell clone containing the appropriate 
sequence using the appropriate primers. The p^hain tDNA was isolated by reverse 
transcriptase reaction using Rnase Hr reverse trasncriptase (Bethesda Research 
Laboratories, Gaithersburg, MD) followed by PCR using RN A derived from T cells as a 
template and primers from the T195 genomic sequence and the primer from the 
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published sequence of (J-chain. Both of these PCR constructs were subsequently 
digested at the BamHI sites designed into the PCR primers. For the second 
transfectant, the p-chain cDNIA is ligated into the BamHI site in the polylinker of the 
vector pH(3-Apr-1-neo (25) downstream of the promoter and first intron of the human (3- 
actin gene and upstream of the polyadenyjation signal. For a third transfecant, the 
analogous vector. pHp-Apr-1-gpt is used for the TCR 5-chain construct. 

Transfection and Selection of Positive Clones 

The vectors are linearized with Pvul and trahsfected by electropbration into 10 7 
recipient cells per cuvette using a„ Bio-Raid 'Gene Pulser (Bio-Rad Laboratories, 
McLean, VA) apparatus with; : phc£phate buffered sucrose (272 mM sucrose, 1 mM 
MgCI 2 , 7 mM potassium phosphate, pH=7.4) at 25 pfd and' 350-420 V. After 
electroporation, the ceiis*ane plated at. 10 5 cells/well in 96-welI plates and selected with 
Geneticin G418 (GIBCO, Grand Island, NY) after 2 to 4 days. For selection of T cells, 
G418 is used at 0.05-1 mg/ml (effective concentration). After selection and screening, 
the transfectants are maintained in G418 at 2!0 mg/ml. Positivecolonids are screened 
by flow cytometry using the appropriate mAb. 

Immunization and Transfection of Embryonal T Cells for Expression of 
Deleted VB chains with Tumor Specificity and Immortaliz ation as T Cell 
Hvbridomas. T 

The same embryonal T cells. and thymoma cells transfected' above with the deleted. 
Vp chain gene will be transfected with DNA or genes from T cell clones showirig tumor 
specificity or T cell clones representing tumor specific effector cells following 
superantigen stimulation. The T cells will be expanded and ultimately immortalized as 
T cell hybridomas. Alternatively the embryonal T cells will be immunized with the 
MART-1 antigen nona-peptide or other tumor antigens jn vitro using in vitro methods 
described by Rosenberg et 'al (i;995). Class 1 positive cej^ e.g. HLA-A1+ cells will be 
needed for attachment of the nona-peptide in order to confer appropriate 
immunogenicity to thepeptjde. The, appropriate superantigen will be used to further 
augment the tumor antigen specific f cell riesponse in tissue culture arid to induce 
expression of the appropriate Vp phenotype in the embryonal or thymoma population. 
Alternatively, the genes for appropriate cytokine induction in particular interferon 
Y wilhbe transfected and linked to activation inJ"H-1 cells by appropriate.Vp 
surface triggering by superantigen/ Simi.^ 

genetic material from immune cells will also be transfected into the embryonal T 
cells or uncpmmitted, thymoma. 



Example 11 " 

Procedures for Analysis of Tumor Draining Lymph Node Cells. PBL a nd Tumor 
Infiltrating Lymphocytes (TIL) and Eluted T Cells from Immo bilized Antibody 



93 



WO 98/26747 



PCT/US97/23637 



Columns, Receptor Trahsfected Stem Ceils and Hvbridomas for VB Gene 
Expression. 

A. Phenotypic Analysis of Cultured Cells . Two-color direct immuhofluorescent 
analysis will be performed using a FACScan flow cytometer (Becton-Dickinson 
Immunocytometry Systems, Mountain View, CA) interfaced to a Hewlett Packard 
Model 310 computer, and data analysis will be performed using logarithmic 
amplification on 10,000 viable cells as determined by forward and right angle scatter 
patterns. All of the antibodies used in this study will be purchased from Becton - 
Dickinson and included CD3 (Ieu-4), CD4 |Leu-3a), CD8 (Leu-2a), CD56 (Leu-19). 
CD25 (IL-2 receptor), and HLA-DR. Each sample analyzed will contain 1 -6 cells. 
Cells will be stained after centrifugation, resuspencjed Tin 15 ml of appropriate 
antibody, and incubated on ice for 45 min. The sample will then be washed with - 
3 ml of phosphate-buffered saline containing 0.2% fetal bovine serum (GIBCO) and 
0.1% sodium azide, centrifuged, and fixed in 1.0 mi of 1% paraformaldehyde, 
Analysis of cells will be performed within 3 days after fixation. 

B. Cytotoxicity Assay . The 4-h 51 Cr release assay will be used to determine the 
cytotoxic reactivity of lyS-LN and IVS-PBL cells. Tumor targets utilized will be 
cryopreserved fresh tumor cells which were thawed and washed for labeling. 
Tumor cells (1 0 7 ) will be labeted with 51 6r (Na ?l Cr)41 00-mCi: New -England 
Nuclear, Boston, MA) at 37° C for 1 h and washed 3 times in CM. Target . cells 
will be jncubated with various numbers of effector cells at 37° C in a volume of 0 : 2 
ml of CM for 4 h. The supernatant will be collected (fitertek Collecting System: 
Flow Laboratories, McLean, VA), and the samples will be counted in a gamma 
counter; The calculation is as follows: 

% of Ivsis = experimental corn-spontaneous cpm x1 00 
. maximal cpm-spontaneous cpm 

A lytic unit is defined as the number;^ needed to mediate 20% lysis 

of 10* target cells. The number of lytic units per 1 0 7 effector cells is then 
calculated for each tumor target. 

C. PCR and Quantitation of VB Gene Expression . In order to quantify Vp gene 
expression, a method described previously by Choi et al (Yasumura, S. t et al, 
Cancer Res., 53, 1461, (1&93)) is used. The 22 Vp primers specific for ; 20 TCR- : 
Vp families as well a 1 C primer for Vp amplification and 3' and 5' Ca primers 

are used as standards for quantitation. The primers are synthesized according 
to sequences previously described. For the PCR reaction, a solution consisting 
of 1.3 mM MgS04, 50 mM KCI, 10 mM Tris-HCI, 0.2 mM concentrations each \ 
of deoxynucleotide triphosphate, 0,4 mm concentrations of the Ca and the 
CP primers, about 10 cpm of 5'-32 P-end labeled 3 f Ca and 3' Cp primers pet 
tube.cDNA from 2 ring of total RNA^ and 2.5 units of ampimpliTaq polymerase 
(Perkins-Elmer-Cetus)/amplification tube are added into each of 22 tubes 
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containing 20 pmol of one of the Vp primers. The final volume is 50 ml/tube. To 
exclude contamination reagent controls are performed. The amplification 
schedule was the following: 30s melting at 95° C, 25s Unhealing at 55° C and 
45s extending at 72° C. No more than 30 PCR cycles are performed. Twenty- 
five ml of the amplification products are separated on 3.5% polyacrylamide ; 
gels. The gels are dried and scanned on an Ambis radioanalytic image system 
which allows for calculation of the cpm for each band. For calculation of the. >_ ; 
percentages of the different Vp regions expressed, a ratio of vp cpm and 
Ca cpm for each Vp region is calculated and the percentage of a singular region ; 
is computed in relation to the total of all 22 ratios as 



% of Va (s ) = cpm VP (sVcprn Ga 

X100 

Z(cpm Vp /cpm Ca) 
in which s is sample. - 

D. Sequencing Analysis . The amplified products of the PCR obtained from the 
Vb13.1 cDNA in a responding tumor lesion will be ligated into pBluescript SK .... 
vectors (Stratagene, LaJolla CA) which is subsequently used to transform XL-1 
blue Escherichia coli (Stratagene). Plasmid DNA is. isolated, denatured, and 
sequenced by the dideoxy chain termination procedure using the sequence 2.0 
sequencing kit (United States Biochemicals. Cleveland,; OH) according to the 

/instruction 

E. Staining and Flow Cytometry. Cultured PBL, TIL, or IVS cells will be stained 
with flourescein.or phycoerythrin-labeled mbnoclonal antibodies, including anti- 
CD3, dD8] Ct)4 f IL2 receptor or 111 receptor V CD56, and HLA-DR (Becton 
/Dickinspn/S^n Jose, CA) and examined by two-color flow cytometry isotype 
control aritibodies. PBS controls will b&lncluded : in all experirrients. 

F. Purification of RNA and cDNA Synthesis . RNA will be extracted using the 
RNAzol B method (Biotex Laboratories, Inc., Houston, TX). Briefly, cells are 
washed in PBS and subsequently treated with 0.2 ml. of the RNAzol B solution 
and 0.02 ml. 6f chlorbform/10 6 cells; After vigorous shaking and cooling on 

ice fdr 5 mia, the samples are centrifuged at 12,000 Xg at 4° C for 15 min. The 
aqueous, RNA containing phase is removed and the RNA is precipitated with an 
equal volume of isoprbpyl alcohol for 15 min on ice and then sedimented and 
washed with 75% ethanolxDNA will be synthesized from 2 mg of total RNA 
using a commercially available RNA PCR kit (Perkins-Elmer-Cetus, Norwalk, 
CT). : the reaction is performed for 15 min using the following reagents: 50 mM 
KCL 1 6 mM tfis-HCI-5 mM MQCI 2 .1 mM concentrations of deoxynucleotide 
triphosphate, 2.5 ; mm oligodebxynthymidylic acid primers, 1 unit/ml RNase 
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inhibitor, and 2.5 units/ml Moloney's murine leukemia virus reverse 
transcriptase-in a total volume of 40ml. The reaction is stopped by heating the 
sample to 99° C for 5 min. 

EXAMPLE 12 

Treatment Protocol with Effector Cells 

Overall Treatment Plan of Tumor Bearing Patients with Tumor Specif ic Effector Cells 

Eligible patients will be treated with irradiated autologous tumor cells at approximately 10 
centimeters from a draining lymph node site. Ten days post vaccination vaccine draining 
lymph nodes will be obtained in a limited surgical procedure at the site draining the 
vaccination. The vaccine draining lymph nodes will be made into a single cell suspension of 
lymphocytes and these will be incubated with SEB followed by IL-2 as described below. 
These SEB stimulated vaccine . draining lymph node lymphocytes will be then adoptively 
transferred to the patient who will also receive recombinant human IL-2 at a dose of 30,000 
lU/kg every 8 hours IV bolus x 7 days. The patient will be followed at 4 and 8 weeks tor 
clinical response and for the development of delayed type hypersensitivity reaction to 
autologous tumor. If sufficient autologous tumor cells are available, a second cycle will be 
pursued at 8 weeks for patients with stable or diminishing disease. The end point is. disease 
response. • 

A Adoptive Transfer and IL-2 Therapy . 

Cultures will be harvested by centrifugation at 500 x g for 1 5 min and pooling the 
cell pellets. After washing the cells in HBSS, the cells will be fesuspended in 
200 ml of saline containing 5% human serum albumin and 450,000 IU of IL-2 for 
transfer; Cells will be infused through a subclavian central venous catheter over 
a 30-min interval. IL-2 administration i.v: will bejbdmmenced immediately after 
completion of cell infusion at a dose and schedule of 180,000 IU/ ml every 8 h. 
for 5 days.. All patients will receive indomethacin .(50mg p.o.) every 8 h, 
acetaminophen (650 mg p.o.) every 6 h. and ranitidine (150 mg p.o.) every 12 h 
while receiving IL-2 in order to reduce febrile and gastric side effects. Patients 
tolerating this IL-2 regimen will often be administered extra doses over an 
additional day. r . 

A cohort of patients will be treated with tumor vaccination and IL-2 only: These 
will be patients who have similar tumor burdens as the other group of insufficient 
amounts of eryopreserved tumorfpr IVS .culture. , These patients will be treated 
with the identical vaccination procedure followed by IL-2 therapy 10 days later 
without LN excision. 

Patients will be followed every 4 wk for 2 mo with repeat radiological 
examinations. All patients deemed to have stable or regressing disease by the 
end of that interval- will be treated with a booster vaccination 'consisting of 1 to 2 
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x 10 7 irradiated (25 Gy) autologous tumor cells without BCG in two sites followed 
10 days later by IL-2 therapy. A partial response was defined as a reduction of 
all measurable disease by 50% of the sum of the product of the two greatest 
perpendicular diameters without the appearance of new lesions. A minor 
response is defined as >25% but <50% reduction in all measurable lesions. 

B Treatment Plan for Reinfusinq CTL from Peripheral Blood Mononuclear 
Cells or TILs or Eluted T cells from Immobilized Antibody Columns after 
Stimulation with Peptides Plus Superantiqens or Peptide-Superantiqen 
Conjugates or Tumor Cell-Superantiqen Transfectants 

Clones of tumor specific cytotoxic T lymphocytes will be administered to-each 
recipient intravenously over 30 minutes in four escalating doses (33 million, 100 
million, 330 million and 1 billion cells per square meterof body surface area) . 
• each given one week apart. The patients will be followed for clinical response 
'for 4 to 8 weeks. If sufficient T cells remain, a . second cycle, of treatment will be 
given at 8 weeks in patients with stable or diminishing disease. 

G. Measurement of Effect , 

Grading and management of toxicity and . dose modification are.giyen in the 
attached clinical protocol. 

D. r Treatment Plan for Reinfusinq Clonally Restricted TIL After Su oerantiqen 
Therapy 

Following treatment with superantigen stimulated vaccine draining lymph npdes 
(SSVDL) measurable tumor sites will be carefully followed. In five cases, a 
regressing tumor nodule will be removed surgically. Tumor infiltrating 
lymphocytes (TIL) will be isolated from fresh surgical tissue and cultured. The 
cultured TIL will be classified with flow cytometry anb Vp gene expression 
quantitated, ; Should definitive Vp clonality pf infiltrating T cells be observed, 
these cells will be further cultured and expandedwith SEB and IL-2. Cat^^i t:h 
be taken to avoid anergy of T cells. When sufficient numbers are obtained they'' 
will be reinfused.into.the patient. Each treatment, will consist of ipfusiion of 10. 
cloned T cells-given intravenously over 30 minutes,- each given one week apart 
for a total of 4 treatments. . The patients will be followed for clinical response for 
4 to 8 weeks. If sufficient TIL remain; a second cycle of treatment will be'giveh 
at 8 weeks in^ patients with stable or diminishing disease. Optimally IL-1, IL-4. 
IL-10 or IL-1 2 may be infused individually or .together to prevent apoptpsis and 
to sustain the antitumor activity of the infused cells. . • 

EXAMPLE 13 

Variations of In vitro Immunization: 
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Variations of in vitro immunization utilize peptide bound to HLA-A1 or peptides plus 
superantigen plus class II molecules added sequentially. Alternatively, one may use 
conjugates or fusion proteins consisting of superantigens and peptides and -HLA-A1. 
An additional variation consists of using tumor cells transfected with superantigen and 
peptide genes or cotransfected with HLA class II genes to create a potent tumor cell 
vaccine. 

EXAMPLE 14 

Enrichment and Deletion by Superantigens of Suppressor Populations in Autoimmune 
Disease and Calhcer to Promote Therapeutic Efficacy 

In the MCA 205/207 tumor mocjgl, deletion of clone 3.0 with monoclonal antibodies attached to 
magnetic beads following ex vivo stimulation of tumor draining lymph node cells with SEB and 
IL-2 resulted in an augmentation of the tumor killing effects compared to the totai T cell 
population. Deletion of other Vp subsets (Vp2 and Vp6) produced the same result. Hence, 
the superantigens specific for the suppressor clones appeared to be removed which allowed 
for augmentation of antitumor effects. Hence, the superantigens will be used to delete these 
clones by anergizing them or by physically extracting them when they are bound to magnetic 
beads or other solid supports. The remaining T cell population devoid of the suppressor 
population will be expanded in IL-2 and reinfused into the host. 

In autoimmune disease, the superantigens; may be used; to delete the disease. producing clone 
of T cells but may also be used to enrich the suppressor population of T cells which may help 
control the disease. The suppressor population may be extracted with immobilized 
superantigen and the eluted T cell population expanded in vitro with the same superantigen 
and then reihfused. • • 

EXAMPLE 15 ^ 

Conjuqatibri of Metal Chelating Groups to Superantigen for Therapeutic and Imaging 
Applications 

Superantigen molecules alsb may be modified with certain organic compounds able to form 
coordination complexes with metal atoms: Such chelating agents can be used to sequester 
radioactive or hdn-radioactive isotopes of metallic elements, particularly the Lanthanide 
series, to prdvide therapeutic or imaging capabilities. Examples; of isotopes found useful for 
radiotherapy iriclude iodirie-131, iodihe-1 25; bisrhuth-21 2 : , yttrium-90 t yttrium-88, technetium- 
99m, copper-67, rhenium-1 88, rhenium-1 86, gallium-66, gailium-67> indium-1 11, indium- 
114m, indium-1 15, and boron -10; 

There are several methods commonly used to label proteins with radionuclides. In a direct 
labeling process, a radioactive atom is attached to functionalites on the polypeptide chain 
without the use of an intervening chemical group. For instance, radioiodination can be done 
through modification of tyrosine side chains on superantigen molecules using established 
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techniques and reagents. Another direct method uses indigenous sulfhydryl groups or those 
formed through disulfide reduction to covalently couple certain metal nuclides (Holmberg and 
Meuriing, 19-93; Ranadive et al., 1993). Thiolation reagents also can be used in this regard to 
create the requisite -SH groups by modification of other protein functionalities (Joiris et al., 
1991). 

Indirect methods of protein labeling with radiolabels utilize .organic compounds able to chelate 
metal ions in a coordination complex. Bifunctional chelating agents (BCAs), as they are 
called, contain a chemical-rqactive group for coupling to proteins or other molecules' and a A 
strong metal-chelating group for complexing certain radioactive metals. Their extensive use 
with monoclonal antibodies that are able to target specific cellular antigens has resulted in 
important radiopharmaceutical applications for the diagnosis and treatment of cancer (Meares, 
1986; Otsuka and Welch, 1987; Liu and Wu, 1991; Hnatowich, 1990; Subramanian and 
Meares, 1991; Wessels and ftbgus, 1984). The BCAs may be loaded with the radioactive - 
metal before or after their conjugation .with a protein (Frytak et al., 1991). If they are loaded 
with radionuclides prior to modifying the protein, the BCA-metal pair is called a preformed 
complex (Kasina et al. r 1991). 

In one embodiment of the present invention, a superantigen is modified with one or more 
chelating agents and complexed with a radioactive metal for use in detecting its transport and 
distribution in vivo . In another embodiment, the superantigen-chelating complex is charged 
with a radjoactive .metal to enhance cell death at tumor sites in vivo . The superantigen- • 
cheiating.cornplex may J^elyrthWr conjured With a targeting component, such as an antibody 
or specific.binding.pe^ ait tumor cells. Thus, this type of 

conjugate may contain several components synergistically working together to effect tumor 
cell death through specific targeting, immune modulation, and radiative cytotoxicity: 
Examples of some BCAs useful in modifying superantigen molecules include, but are not 
limited to, the following: 

1) DTPA (diethylenetriaminepentaacetic anhydride) (Hnatowiclret al., 1982) t 

2) DOTA ( 1 ,4,7, 1 0-tetra N M, -tetraacetic acid) (Cox et al , 1990) 

3) NOTA (1 ,4,74riazacyclononane-N,N\NMriacetic acid) (Cox et al , 1990) 

4) TETA (1 ,4,8, 11 -tetraazacycldtetradecane-N,N\N , \N ,M -tetraacetic acid) (Brechbiel et al., 
1993) . ; ' • : ; ■ ' •■ " ' ^ 

5) DTTA (Nl-(p-isothiocyanatobenzyl)^ 
id),(Hemmila, 1988) 

6) DFA or deferoxamine (N^ ,4- 
dioxobutyl]hydroxyamino]penty^ a naturally- 
occurring product isolated from Streptomyces pilosus. (Motta-Hennessy et al., 1985) 

7) Porphyrins (nitrogenous, cyclic molecules found as prosthetic groups of some proteins) 
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8) Expanded Porphyrins or Texaphyrins (synthetic molecules that are similar to the porphyrin 
structure, but exist at larger cyclic systems) 

In addition, superantigen-chelating complexes may contain metals such as gadolinium and 
lutetium, which can produce an enhanced MRI signal for imaging applications or act as a 
radiation sensitizer or photosensitizer able to absorb x-ray or light energy and emit other 
forms of energy capable of discrete destruction of target tissue. The presence of a 
superantigen in such a complex can markedly enhance the immune response to the targeted : 
cells, while the metal chelate provides the imaging or cytotoxic effects. 



EXAMPLE 16 



A. Protocol #1 



Anti-Tumor Effects of Infused Peptide-Superantiqen Conjugat es or 'Superantigen-- 
Chelating Agents in Human Patients 

All patients treated have histologically confirmed malignant disease including carcinomas, 
sarcomas, melanomas, lymphomas and leukemia and have! failed conventional therapy. ; : _ 
Patients may be diagnpsed as having apy stage of metastatic disease involving any organ 
system. Staging describes both tumor and host, including organ of origin of the tumor, 
histologic type, histologic grade, extent of tumor ?ize, site of metastases and functional status 
of the patient. A general classification includes the known ranges of Stage 1 (IpcaUzed 
disease) to Stage 4 (widespread metastases). Patient history if obtained and physical 
examination performed along with conventional tests of cardiovascularland p^rnoHsty i ' 
function and : appropriate radiologic procedures. Histopathology is obtained to verify 
malignant disease. 

Treatment Procedure rv. 

Doses of the peptide-superantigen conjugates are determined as described above .... 
using, inter alia, appropriate animal models of tumors. Several types of therapeutic 
compositions are administered: 

(1) Peptide-superantigen conjugates prepared by direct cross-linking of a peptide antigen 
to a superantigen molecule using a homobifunctional or heterobifunctional cross-linking 
agent, comprising substantially 100% conjugates, and having a ratio of peptide^- 
superantigen molecules of between 1:1 and 40:1 ... 

(2) Peptide-superantigen conjugates prepared by direct cross-linking of £ peptide antigen 1 
to a superantigen molecule using a zero-length cross-linking process (such as 
carbodiimide^mediated or reductive amination), comprising substantially 100/° 
conjugates and having a ratio of peptide-to-superantigen molecules of between 1:1 
and10,000:1. 
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(3) Peptide-superantigen conjugates prepared through covalent attachment to polymeric 
carriers, consisting of substantially 100% conjugates, and having ratios of peptide-to- 
superantigen that vary from equivalence (1:1) to as high as 1 0 6 : 1 or even 10 8 :1 or as 
low as 1 0"*: 1 or even 1 0" 8 : 1 . 

«i '''' ■ 

(4) Peptide-superantigen conjugates prepared through covalent atachment of peptide and 
superantigen molecules to a carrier with subsequent noh-covaient association* of such 
modified carrier molecules to form* large constructs containing ratios of peptide4o- :r 
superantigen that vary from equivalence (1:1) to as high as 1 0 6 : 1 or even 10 a :1 or as 
low as 10^:1 or even 10*^:1 . Such non-covalently-associated conjugates can consist of, 
for example, liposomal vesicles or large complexes formed through the interaction of 
biotin with avidin or streptavidin or similar biotin-binding proteins. 

Treatment protocol uses peptide and superantigen doses of 1,100 or 100 mg polymer or 
peptide-superantigen as given in the human treatment protocol. Treatments are given 
3x/week for a total of 12 treatments. Patients with stable or regressing disease are treated 
beyond the 12th treatment. Treatment is given on either an outpatient or inpatient basis as 
needed. 

Patient Evaluation 

Assessment of response of the tumor to the theraj^y is; made once per week during 
therapy and 30 days thereafter. Depending on the response to treatment, side-effects, and 
the health status of the patient, treatment is terminated or polonged from the standard protocol 
given above. Tumor response criteria are those established by the International Union 
Against Cancer and are listed below. 



RESPONSE 


DEFINITION 


Complete remission (CR) 


Disappearance of all evidence of disease 


Partial remission (PR) 


>50% decrease in the product of the two greatest 
perpendicular tumor diameters; no new lesions 


Less than partial remission (<PR) 


25%-50% decrease in tumor size, stable for at least 1 
month; 


Stable disease 


<25% reduction in tumor size; no progression or new 
lesions 


Progression 


> 25% increase in size of any one measured lesion or 
appearance of new lesions despite stabilization or 
remission of disease in other measured sites 
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The efficacy of the therapy in a patient population is evaluated using conventional statistical 
methods, including, for example, the Chi Square test or Fisher's exact test. Long-term 
changes in and short term changes in measurements can be evaluated separately, 

Results 

One hundred and fifty patients are treated. The results are summarized in table .11, Positiv 
tumor responses are observed in 80% of the patients as follows: 



Table 11 



All Patients 


Response 


NO. 


0/ 

/o 




PR 


10 


66% 




<PR 


20 


33% 


Bv Tumor Tvoe: 


Response 


% of 
patients 




Breast 

Adenocarcinoma v 


PR+<PR 


80% 




Gastrointestinal 
Carcinoma 


PR+<PR 


75% 




Lung carcinoma 


PR+<PR 


75% 




Prostate Carcinoma 


PR+<PR 


75% 




Lymphoma leukemia 


PR+<PR 


75% 




Head and Neck 
Cancer 


PR+<PR 


75% ; 




Renal and Bladder 
-Cancer 


PR+<PR 


75% 




Melanoma 


PR+<PR 


75% 
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Toxicity 

Toxicity is essentially the same as that observed in the RA patients described Above. 
Protocol #2 

Antitumor Effects of PBMC, TIL, Tumor Vaccine Primed Lymph Node Cells. Eluted T Cell 
from Immobilized Antibody Columns Activated in vitro by Tumor Associated Peptides 
and Superantigens, Peptide-Superantiqeri Conjugates or Superantiqen Tumor Cell 
Transfectants , - 

Patient population, selection staging, pretreatment inclusion ahd exclusion criteria are 
identical to protocol #1 Treatment and Evaluation Methods: 



EXAMPLE 17 

Attenuation of In vivo Toxicity by Preinfusiori of Class II Binding Molecules 

The parenteral administration of toxins may result in attachment of the toxins to MHC 
class II binding sites in non-tumorous cells and hence divert the toxin from binding 
sites on the tumor cells. To avert this problem, the host will be p>reinfused with an 
MHC class II binding peptide which will block the class II sites on hon tumbrcells so , 
that the subsequent infusion of toxin will target to the tumor. Such non-toxic class II 
binding molecules consist of peptides of enterotoxins which are known to bind to the a 
and 3 chains of class II molecules. The enterotoxins have been shown to bind to 
regress on the MHC class II molecule which are distinct from the peptide binding 
groove. Mutagenesis studies identified portions of N-termimal domain that mediated 
binding to MHC class II. The N-terminal domain of SEB bound tb the HLA-dR a chain- ^ - 
A C-terminal fragment of SEA which exhibited class II MHC binding arid an N-terminal MHC 
class II binding epitope in SEB have been identified. 

Hence, candidate molecules for class II blocking would be N-terminal and C-terminal 
conserved sequences of SEA that are known to bind to a and p chains on two separate 
MHC class II molecules. The fragments may be of medium affinity 3s at the C-terminal 
site (Kd» 10 mM) and/or low affinity as at the N-terminal site (Kd>> 10mM): 

EXAMPLE 18 

Therapeutic Usage of Peptide-Superantigen Conjugates and Activated T Cell 
Populations in Experimental Models and Human Autoimmune Diseases. 



1 03 



WO 98/26747 PCT/US97/23637 



Peptide-Superantigen conjugates are tested and activated T cells are used for therapy m 
several well known models of arthritis and autoimmune disease in rodents. These jnciuae 
adjuvant streptococcal cell wall, mycoplasma arthritides and collagen-induced arthritis ) see, 
for example Pearson, C.M>, Proc. Soc. Exp. Bio.. Med. 91,95 (1956), Cromart.e, WJ. et al., 
J Exp Med". 146,1585 (1977); Trentham, D.E. et al., J. Exp. Med. 146,857 (1977); Chang. 
Y.H. et al., Arthritis Rheum. 23,62 (1980). 

For each of the models described above, treatment is started 6-14 days after the injection of 
the inducing agents (orin the case of MRL mice beginning at 4 weeks of age). Doses vary 
from 10 ng to 1mg of peptide-superantigen polymers and are given I.V. at 1 week intervals for 
4 weeks Outcomes are assessed as described. For all arthritis models outcome measures 
include- (a) a quantitative measurement and grading of joint swelling erythema or deformity, i 
and (b) assessment of histopathology of joints using a quantitative grading system. T cells 
obtained from regional lymph nodes of animals with active arthritis will be anergized iQJ0i£2 / 
with appropriate peptide and superantigen or superantigen mutants in order to inactivate the 
predominant Vp T cell clone. The T cell clone deleted of that T cell subsetw.ll then be 
administered parenteral^ into mice. T cell doses will range from 10 to 10 cells per 
treatment. Cells will be given weekly for 6 weeks. The effect in the arthritic process will be 
assessed using the criteria described for each model. 

, Streptococcal Cell Wall Arthritis Model (See Schwab, J. H. et al., J. Immunol. 150.4151- 
4159(1993)) 

A. Induction and measurements of arthritis , ^ 

Female Lewis rats weighing about 1 75 g are injected intraartiCularly (i.a.) under ether - ; - 
anesthesia above the calcaneus through the Achilles tendon into the tibiotalar (ankle) joint on 
day 0 with 2,0 mg of rhamnose equivalents (approximately 6.0 mg dry weight) of 100p _ 
peptidoglycan-polysaccharide from. cell wall of group A Streptococci (PG-APS) suspended in 
10 ml of pyrogen-free saline, as described previously (Esser. R.br, et al.. Arthritis Rheum. 
28:1402 (1985); Stimpson, S. A!, et al.. In: Pharmacological Methods in the Control or - 
Inflammation, J. Chang efcai.:, Eds. Alan R. Liss. Inc., New Your, P. 381 (1989)). . Wor le« 
joints are injected with PG-APS in.aiternate animals, and contralateral jo.nts are injected witn 
10 ml of pyrogen-free saline. 

The lateral diameter of the ankle joint is measured with a Fowler Ultra-Cal II digital caliper 
(Lux Scientific Instrument Corp., New. York, NY). The average of three measurements lor 
eachjoint is! recorded. Results are presented as the mean ± SE of the increase in joint - 
diameter (difference between pre-and ppstreactivation). y 

B. Histopathology 

Rats are sacrificed and the ankle joints are removed, skinned, fixed in formalin, 
decaldified, embedded in paraffin/sectioned sagitally. and stained with hematoxy m eos.n. 
The significance of differences between groups is assessed by Student's two tail t-test. , , 
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II Adjuvant Arthritis (AA) Model (See: Chang et al, t supra) 

Male Lewis rats weighting 235-250 gm are used. Fruend's complete adjuvant is either 
purchased commercially or prepared by grinding powdered Mycobacterium butyricum (10 mg; 
Difco Laboratories) with mineral oil (1.01 ml; Primol 355, Hampden Color Chemical Company). 
Adjuvant arthritis is produced by a single intradermafinjection of the adjuvant into the tail or 
one hindpaw. The doseis about 0.5 mg heat killed Mycobacterium tuberculosis (Mt) : 
suspended in 100 ml IFA The volume of theuninjected hind paw is measured by the method 
of Winter et al., Proc. Soc. Exp. Biol. Med. 111,544(1962) on day 0 and 16 (with respect to,, ^ 
the injection of adjuvant). The increase in the volume of the uninjected hind paw serves as a 
measure of arthritis. *• • 

To determine the effect of a therapeutic composition, rats are treated with either saline or the 
composition each day from dgy-1 to day -15 (with respect to adjuvant: injection) The initial- 
paw volume (VI) is measured on the day of adjuvant injection. Sixteen days later, the volume 
(VF) of the uninjected hindpaw is measured. Percent inhibition is calculated according to the 
following equation: 

% inhibition = 1- VF drug -VI drug .. X 100 

VF control - VI control 

Alternatively, severity of arthritis is assessed by scoring each paw from 0 to 4 based on 
degree of swelling, erythema, and deformity of the joints: Thus the maximum possible 
arrthritis score is 16. r 

III. Collagen Type ll Arthritis (CIA) Model (see Trentham et al., supra) 

Sensitization Procedures . Collagen is dissolved in 0.1 M acetic acid : at a r . 
concentration of 1 mg/ml. Equal volumes of collagen solution anc3 CFA or ICFA are mixed and? 
emulsfied. One ml of the cold emulsion is immediately injected intradermally in four to six 
sites on the . backs of the rats. Small ulcers frequently form at the injection site, but these heal 
without sequelae in 7-10 days. Control injections consist of (a) acetic acid emulsfied in CFA 
or ICFA or (b) human or chick type II collagen dissolved in, acetic acid arid injected 
intradermalfy without adjuvant. As an additional control, 1 .0 ml of MgCI 2 -extractable cartilage 
proteoglycans containing approximately 200 mg uronate per ml is mixed, with 0.5 'ml of CFA or 
ICFA/Iemuisified, and injected as with collagens. Unless otherwise specified, booster doses 
consisting of 0.5 mg collagen dissolved in 0.5 ml OrI M acetic acid are given j.p. Without 
adjuvant 21 days after primary immunization. One ml of the,MgCI 2 extract is givbh i:p. after an 
identical interval to the proteoglycan control animals. Adjuvant arthritis is induced by 
intradermal injection of 0.1 ml CFAH37 at the base of the tail. 

' Arthritis Evaluation . Animals are observed daily for the onset of arthritis, and an 
arthritic index is derived by grading the severity of involvement of each paw from 0 to 4. 
Scoring is based on the degree of periarticular erythema and edema as well as deformity of 



105 



WO 98/26747 PCT/US97/23637 



tu ... nAlnnri FD eta , mt Arch Allergy Appl. Immunol 35,456 (1969)). Swelling of 

reproducibly expressed to the nearest 0.1 mm. 

Histooatholoqy Animals are sacrificed, and involved paws are amputated on the day 

hematoxylin and eosin. 

, V . A.^imm,.n e Mod piMRUIbr : Mlce ( See: Kim, C. et al., J. Exp. Med. 174.1431-1437 
(1991)). " 

MRL/MpMpr mice (4-6 wk. old) .are purchased from the Jackson Laboratory (Bar Harbor, - 
ME). 

pi ISA for Anti-P"* Antihndies Circulating Immune Complexes 

at 590nm using a microplate reader. — ; ; 

Proteinuria and Physibal Syrnptoms 
Urine (from at l^^mice per groUp) is pooled 

concentration ^ the presence of b.ood tnunne ^^^^SS^^^ no 
commercial reagent strips for urinalyses. Phys .cat ^omsae ^ se vere 

symptoms; 0.5. trace; 1-4, when visible symptoms are obs ^ e ^ 
(physical symptoms include lymphadenomega yr.mmune c^ 

!he ears). Scores repenting P^^^^,^^^^^^ when the 
score for each grpupand then divid.ng by the number of an.mals alive in inai g P : ., 

measurement is taken. c 

For each of the models described above, treatment is started 6-1 4 ^^^^Ef 
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models outcome measures include: (a) a quantitative measurement and grading of joint 
swelling erythema or deformity, and (b) assessment of histopathology of joints using a 
quantitative grading system. 



EXAMPLE 19 

Therapy of Rheumatoid Arthritis in Humans 

(See: McCarty, D.J.. Arthritis and Allied Conditions - A Textbook of Rheumatology, 1 1th ed.. 
Lea & Fibiger, Philadelphia 1989) 

Treatment Procedure 

Doses of the peptide-superantigen conjugates are determined as described above using, inter 
alia, appropriate animal models of autoimmune disease. Two types of therapeutic 
compositions are administered: 

(1) Peptide-superantigen conjugates ranging in size from 64 kDa to 1000 kDa, comprising 
substantially 100% (w/w) polymers; 

(2) Peptide-superantigen conjugates ranging in size from 1 0OOkDA to 1 0,000 kDa, 
comprising substantially 100% (w/w) polymers: 

A treatment consists of injecting the patient with 1 mg, 100 mg or 1000 mg peptide- 
superantigen conjugates intravenously in 200 ml of normal saline over a one hour penoa 
twice weekly at three day intervals for six weeks. 

T cells are obtained from regional lymph nodes or PBMC and anergized in_yjtro. with peptide 
and superantigen given sequentially or as peptide-superantigeafionjugates T cells will oe 
harvested and given in doses of 108 to 1011 I.V. over 60 minutes as described in Example 
8 12 The infusion will be- given 3xAveek for six weeks while parameters of arthritis are 
evaluated quantitatively on a weekly basis. Clinical responses are assessed by the criteria 
described below. Treatments are continued in patients with stable or exacerbating disease. 
Treatment is generally given on an outpatient basis. 

Clinical Outcome Measures 

Outcome measures used to assess treatment efficacy in RA should detectthe smallest 
clinically important change and, at the same time, be reliable and valid with respect to 
capturing the dimensionality of the clinical and pathophysiologic responses. To avoid was. 
both patients and assessors preferably are blinded during testing. 

The methods most commonly used are based on quantitation of cardinal features: pain, 
swelling heat and redness. Laboratory tests may also be used in assessment, though a 
treatment that only reduces a laboratory measure without, for example, relieving joint pain is 
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To score joint tenderness, firm digital pressure is applied to the joint margins and the degree 
of tenderness is graded by the patients response. Lansbury's Articular Index (Lansbury, J., 
Arthritis Rheum. 1,505-522- (1958)) is useful in assessing progress. A simple count of 
clinically active joints, as determined by pain on passive motion, tenderness on pressure, or 
inflammatory joint swelling is used (Cooperat. Clin. Comm. Amer. Rheum. Assoc., Clin. 
Pharmacol. Ther. 8,1 1-38 (1967)). Scoring a few selected "signal" joints may permit better 
assessment of therapeutic effect than a total joint count. A standardized soloimetejr tested 
against the Lansbury indices is highly reproducible. The Ritchie Articular Index (RAI).i§ based 
on summation of joint responses after firm digital pressure. The responses are recorded as 
0=no tenderness, +1= patient says it is tender, +2= patient says it is tender and winces, and 
+3=patient says it i£ tender, winces and withdraws limb. The sum of this Index is 78 ' and 
reflects exacerbations of disease and improvement induced by antirheumatic drugs. This 
index correlates with the patients assessment of pain, in the upper limbs with grip strength, 
and in the lower limbs with the time to walk 50 feet. 

Various instruments are available to measue grip strength which is determined by the strength 
of the muscles in the forearm and hand, and the pain and degree of joint destruction in the 
wrist, hand, and finger joints; grip strength correlates with the RAI. 

The range of motion of peripheral joints in normal subjects is known, and thes6 measures 
have been assessed in studies of ankylosing spondylitis: Spinal movement is measured . by 
several methods Including the Dunham spondylometer (Hart, F.D. et al., Ann. Rheum. Dis. 
14,77-89 (1955); Anderson, J.A.D., Clin. Rheum. Dis. 8,631-653 (-1982)), skin distraction 
(Moll, J.M.H. et al., Rheum. Phys. Med. 11,293-312 (1972)), an inclinometer (Domjan, L et al,\ 
Hung. Rheum., 28 (Suppl.): 71-76 (1987)). 

Timing of. certain movements or set maneuvers related to activities of daily living, are useful, 
in particular the time to walk 50 feet (Lee, supra; Grace, E.M. et a4?, Br. J. Rheumatol. 27,372- 
374(1988)). , \' 

Increase in warmth of overlying skin is a cardinal feature of inflammation and can be 
measured in various ways (Bacon, P.A. et al, Clin. Rheum. Dis. 2,51-65 (1976)). Infrared 
aquantitatiye thermography shows reproducible changes in disease activity and is useful in 
assessing efficacy of treatment composition or method (Ingpen, M L, Ann. Phys. Med. 9,322^ 
327 (1968)); Thermbgraphy provides a noninvasive, .reproducible, sensitive; and quantifiable 
method of assessing improvementin joint inflammation. 

Laboratory Tests 

Certain laboratory tests reflect the severity of joint inflammation and may be used to monitor 
the efficacy of the therapeutic compositions and methods of this invention. The 5 most 
frequently used test is the erythrocyte sedimentation rate (ESR). Other measures used; 
include evaluation of various acute-phase reactants, such as C-reactive protein, haptoglobin, 
fibrinogen, a-2 macroglobulin, and plasma viscosity (McConkey, B. et al., Q.J. Med., New 
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Series 41 115 (1972); McConkey, B. et al., Q.J. Med.. New Series 42, 785 ^(1973); 
: erie !,; : ; , a , L ance t 1 1 176 (1975); Crook, L. Et al., Ann. Clin. Lab. Sci. 

Inn Rheum ? dS 30 166 (1971 ); titer of IgM rheumatoid factor or of immune complexes - 
fp ODe R M e?al' Ann Rheum Dis. 45, 183 (1986); Reeback J. S. et al, Ann Rheum. 

971 serum 'copper concentrations (Brown, D.H. et al., Ann. Rheum.^ ^4 
979 S propeptide levels (Horstey-Retersen .et ^-^| (1986)). 
synovial fluid analysis (Hall. SrH, et aL, Ann. Rheum. D.s. 37.351 (1978)). 

? nn il« 1) ' These Tre administ^edrtntrairticularly and the rate of clearance from 

atternat^ they are — - ^Ton p °o ides 
over a joint' (or lOints) measured. The ctorm** ««* ^ r^I™^ i° in < 

upt ^ootS£^^ 

such as NSAIDs, corticosteroids, gold or D-penicillamine. 

Results 

Three hundred patients with RA are treated. According to the 8 measures listed unde( "FDA 
SKfS above, greater than 80% of the treate iP atients show sjgn-ficant ^ 
cumulative improvement across all measures. . - ; : 

Toxicity 

The incidence of side effects (as % of total treatments) are as ^"^^"f:^^^ 
pain- 5; nausea - 5; respiratory- 3; headache ^f^ d f^^^f\^^^^ 
Hypotension -2; joint pain -2; rash -2; flushing ^^^^ '^d^S^V ' > 
riiT7iness -<V cramDS -<1 fatigue -<1; feeling faint -<1; twitching -<1 . P'urrep v^wj . 

mg infusions Other minor changes observed are clinically insignificant 
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Antitumor Fffects of Peotide-Superantioen Conjugates in Animal Models of Human 
Tumors 

The peptide-superantigen conjugates are tested for therapeutic efficacy in several well 
established rodent models which are considered to be highly representative of a broad 
spectrum of human tumors. These approaches are described in detail in Geran, R.I. et aL, 
•Protocols for Screening Chemical Agents and Natural Products Against Animal Tumors and 
Other Biological Systems (Third Edition)", Cane, Chemother. Reports, Part 3, 3: 1-1 12, which 
is hereby incorporated by reference in its entirety. 

Treatment of Tumor Models with Effector T Cells 

Effector T cells will be generated-from regional lymph nodes of mice bearing 3-7 day old 
tumors implanted in close proximity to the lymph nodes. The cells will be incubated with 
peptide and superantigen sequentially for 2 and 3 days respectively after which they will be 
harvested and infused into tumor bearing mice. Peptide-superantigen conjugates or fusion 
proteins and tumor cells transfected with superantigen genes may be similarly cultured with 
lymph node cells for 3 days after which the cells are harvested and reinfused into animals 
bearing the tumor under study. T cells may be given parenteral^ in doses of 10 - 10 cells 
weekly. Assessment is carried out as given ! below for each model 

Protocol For Immunization of Hosts With Tumor Cells Transfected With Superantiqens 
and/or a-Gal 

A. Use of Transfectants as a Vaccine or to Treat Esta blished Tumors 

The tumor cells transfected with superantigens. class II. class I, B-7 and a-Gal genes are 
tested for therapeutic efficacy in several well established rodent models which are given ,n 
Example 20. They are considered to be highly representative of-a broad spectrum of human 
tumors. Transfected J tumdr cells (10 s -10 7 ) will be given 30 days to,.6 : months , before, 
implantation of the nativ^ g rowth and/or survival of the , 

treated group is statistically superior to that of untreated tumor bearing controls. Transfected 
cells-may also be given after, tumors are established after implantation and are paipaDie^ 
Tumor growth is aborted and/or survival . is prolonged in treated animals compared to 
untreated tumor bearing controls in a statistically signjficahi;fashion. \ 

B. In Vitro Immunizatiort 

Tumor cells transfected with superantigen. class II. class I. B-7 genes or a-Gal genes may be 
used to immunize T cells in vitro. -T cells to be immunized are obtained from sources mcluding 
but not limited to peripheral blood, tumor draining lymph nodes and spleen. Tumor ceu 
transfectants 10 s cells/ml are incubated with T cells for 24-72 hours. The tumor^transfectants 
are then removed and the T cells are further expanded- with IL-2 over the next 72 hours. The 
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T ceils are harvested and then reinfused into hosts bearing established tumors. Infusions 
will be given I.V. every 6-12 days in doses of 10 6 -10 7 cells treatment. Tumor size and survival 
in treated animals show substantial antitumor effects compared to the untreated controls. 

I General Test Evaluation Procedures 

A. Calculation of Mean Survival Time 

Mean survival time is calculated according to the following formula: . 
Mean survival time (days) = SS ± AS(A-1) - (B + 11 NT 

S(A-1)-NT 

Definitions: 

** 

Day: Day on which deaths are no longer considered due to drug toxicity. Example: .With 

treatment starting on Day 1 for survival systems (such as L1210, P388, B16 f 3LL, and 
W256): 

Day A: Day 6. 

Day B: Day beyond which control group survivors are considered "no-takes." Example: With 
treatment starting on Day 1 for survival systems (such as L1210, P388, and W256), 

Day B = Day 18. For B16 r transplanted AKR, and 3 LL survival systems, Day B is to be 
established. 

SS: If there are "no-takes" in the treated: group, SS is the sum from Day A through Day B. If 
there are "no takes" in the treated group, SS is the sum of daily survivors from Day A 
onward. 

S(A-1): Number of survivors, at the end of Day (A-1). 
NT: Number of "no-takes". 

B, T/C Computed for All Treated Groups . 

T/C is the ratio 5 (expressed as a percent) of the mean survival time of the treated group 
divided by the mean survival time of the control group.; /Treated group animals surviving 
beyond Day B, according to the chart below are eliminated from calculations: 



Percent of small tumors in 
treated group 


Percent of "no-takes" in 
control group 


Action 


< 17 


Any percent 


no-take; not used in 
calculations, 


18-39 


<10 


drug inhibition; use in 
calculations 




>10 


no-takes; not used in 
calculations 
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>40 


<15 


drug inhibition; use in 
calculations 




>15 


-Code all nontoxic tests "33" 



Positive control compounds are not considered to have "no-takes" regardless of the number of 
"no-takes" in the control group. Thus, all survivors oh Day B are used in the calculation of T/C 
for the positive control. Surviving animals are evaluated and recorded on the day of 
evaluation as "cures" or "no-takes." 

Calculation of Median Survival time 

Median Survival Time is defined as the median day of death for a tester control group. If 
deaths are arranged in chronological order of occurrence (assigning to survivors, on the final 
day of observation, a "day of death" equal to that day), the median day of death is a day 
selected so that one half of the animals died earlier and the other half died later or survived. 
If the total number of animals is odd, the median day of death is the day that the middle animal 
in the chronologic arrangement died. If the total numbelr of animals is even, the median is the 
arithmetical mean of the two middle values. Median survival time is computed on the basis of 
the entire population and there are no deletion of early deaths or survivors with the following 
exception: 

C. Computation of Median Survival Time from Survivors 

if the total number of animals including survivors (N) is even, the median survival time •• , 
(days) (X+Y)/2, where X is the earlier day when the number of survivors is <(N/2)-1.< If 1^ is. 
odd, the median survival time (days) is X. ; 

D. Computation of Median Survival Time from Mortality Distribution 

If the total number of animals including survivors (N) is even, the median survival time 
(days) (X+Y)/2, where X is the earliest day when the cumulative number of deaths is > (N/2, 
and Y is the earliest day when the cumulative number of deaths is (N/2)+1. If N is odd, the 
median survival time (days) is X. 

Cures and "No^Takes": "Cures" and "no-takes" in the systems evaluated by median survival 
time are based upon the day of evaluation. On the day of evaluation any survivor not 
considered a "no-take" is recorded as a "cure". Survivors on day of evaluation are recorded 
as "cures" or "no-takes", but not eliminated from the calculation of the median survival time. 

E. Calculation of Approximate Tumor Weight From Measure ment of Tumor 
Diameters with Vernier Calipers 

The use of diameter measurements (with Vernier calipers) for estimating treatment 
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effectiveness on local tumor size permites retention of the animals for lifespan observat.ons. 
When the tumor is implanted sc. tumor weight is estimated from tumor diameter 
measurements as follows. The resultant local tumor is considered a prolate elhpso^ with one 
ToTo axTs and two short axes. The two short axes are assumed to be equal. The longest 
diameter (length) and the shortest diameter (width) are measured with Vernier cahpers. 
Alumina specific gravity is approximately 1 .0, and II is about 3, the mass (in mg) is 

l^ltlSlying the .ength of the tumor by the width squared and divid.ng the product 

by two.^^ we jght (mg) = length (mm^ x (widthfmml) 2 or L x (W) ? 

2 2 . ;' 

The reporting of tumor weights calculated in this way is acceptable inasmuch as the- " -c 
assumptions result in as much accuracy as the experimental method warrants. 

F. Calculation of Tumor Diameters 

The effects of a drug on the local tumor diameter may be reported directly as tumor _ 
diameters without conversion to tumor weight. To assess tumor ^^.f^^ 
tumor diameters of treated animals with the tumor diameters of control an.ma s, the tnree 
diameters of a tumor are,averaged (the long axis and ; the two short axes). A tumor d-ameter 
T S 75°/?or less indicates activity and a T/C of 75% is approximately equ.valent to a tumor 
weight T/C of 42%. 

G. Calculation of Mean Tumor Weight From individual Fxcised Tumors 

The mean tumor weight is defined as the sum of the weights of individual excised ■ 
tumors divided by the number of tumors. This calculation is modified according to the ^ruies 
listed below regarding "no-takes." Small tumors weighing 39mg or less in control m.ce or , 
99mg or less in control rats, are regarded as "no-takes" and eliminated 
In treated groups, such tumors are defined as "no-takes" or asjfue drug mh.b.t.ons accord.ng 
to the following rules: 



Percent of small tumors in 
treated group . , _ 


Percent of "no-takes" in 
control group 


Action 


< 17 


Any percent 


no-tiake; hot used in 
calculations 


18-39 


<10 


drug inhibition; use in ; 
calculations 




>10 


no-takes; not used in 
calculations 
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>40 


<15 


drug inhibition; use in 
calculations 




>15 ■ 


Code all nontoxic tests "33" 



Positive control compounds are riot considered to have "no-takes" regardless of the number of 
"no-takes" in the control group. Thus, the tumor weights of all surviving animals areUsed in 
the calculation of T/C for the positive control. T/C are computed for all treated groups having 
more than 65% survivors. The T/C is the ratio (expressed as a percent) of the mean tumor 
weight for treated animals divided by the mean tumor weight for control animals. SDs of the 
mean control tumor weight are computed the factors in a table designed to estimate-SD using 
the estimating factor for SD given the range (difference.between highest arid lowest 
observation). Biometrik TableTfor Statisticians (Pearson ES, and Hartley HG, eds.) 
Cambridge Press, Vol. 1, table 22. p. 165. . , 

II. Specific Tumor Models 

A. Lymphoid Leukemia L1210 

Summary Ascitic fluid from donor mouse is' transferred into recipient -B0F1 or CDF1 mice • 
Treatment begins 24 hours after implant. Results are expressed as a. percentage of control 
survival time. Under normal conditions, the inoculum . site for primary screening is i.p., the 
peptide-superantigen polymeric composition is administered i.p., and the parameter is mean 
survival time. Origin of tumor line: induced in 1948 in spleen and lymph nodes of mice by 
painting skin with MCA J. Natl. Cancer Inst. 13:1328, 1953. . .. . .. 

Animals - P . 

Propagation: DBA72 mice (or BDF1 or CDF1 for one generation^ ; . 

Testing: BDF1 (D57BL/6 x DBA/2) or CDF1 (BALB/c x DBA/2) mice. .. . ^ . 

Weight: Within a 3-g weight range; with a minimum weight of 18g for males and 17g for 

females. •• .f "■ 

Sex: One sex used for all test and control animals in one experiment. 

Experiment Size: Six animals per test group. . 

Control Groups: Number of animals varies according to number of test groups. 

Tumor Transfer '■,!.'••• ' ■ r\. 

Inject i.p., 0.1 ml of diluted ascitic fluid containing 105 ceils. ; ; : ^ 

Time of Transfer for propagation: Day:6or7. - 

Time of Transfer for Testing: Day 6 or 7. . 

Testing Schedule 



115 



WO 98/26747 



PCIYUS97/23637 



Day 0: Implant tumor Prepare materials. Run positive control in every odd-numbered 
experiment. Record survivors daily. 

Day 1 • Weigh and randomize animals. Begin treatment with therapeutic composition. 
Typically mice receive Img of peptide-superantigen polymer or polymer conjugate in 0.5 ml 
saline. Controls receive saline alone. The treatment is given as one dose per week. Any 
surviving mice are sacrificed after 4 weeks of therapy. 
Day 5' Weigh animals and record. 

Day 20: If there are no survivors except those treated with positive control compound, 
evaluate study. ,; /.'/' 

Day 30: Kill all s'urviydrs and evaluate experiment. 
Qualify 'Control 

Acceptable control survival time is 8-10 days. Positive control compound is 5-fluorouracil; 
sjnQ le dose is 200 mg/kg/injection, intermittent dose is 60 mg/kg/injection, and chronic dose is 
20 mg/kg/injection. Ratio of tumor to control (T/C) lower limit for positive control compound is 
135%. 

Evaluation 

Compute mean animal weight on Days 1 and 5, and at the completion of testing cbmputeJ/C 
for all test groups.with >65% survivors on Day 5. A T/C value < 85% indicates anoxic test An 
initial T/C > 1 25% , is considered necessary to demonstrate activity. A reproduced TYO > 1 
is considered worthy of a further study. For confirmed activity a composition should have two 
multi-dose assays that produce a T/C > 125%. ~ -.„■ ^/.i-i?--.: 

B. Lymphocytic Leukemia P388 

Summary: Ascitic fluid from donor mouse is implanted in recipient BDF1 or CDF1 mice. 
Treatment begins 24 hours after implant. Results are expressed^ a percentage of control 
survival time. Under normal conditions, the inoculum site for primary screening is ip- me 
peptide-superantigen polymeric cbmposition is administered ip daily fpr^ days^^ _ . 
parameter is median' survival time. Origin of tumor line: induced in 1955 «n a DBA/2 mouse py 
painting with MCA. Scientific Proceedings. Pathologist and Bacteriologists 33:503, lao/. 

Animals 

Propagation: DBA/2 mice (or BDF1 or CDF1 for one generation). 

Testing: BDF1 (D57BL/6 x DBA/2) or CDF1 (BALB/c x DBA/2) mice. . . 

Weight: Within a 3-g weight range, with a minimum weight of 1 8g for males ana i /g lor 

females. ' * : ' "' . r> 

Sex: One sex used for all test and control animals in one experiment. 
Experiment Size: Six animals per test group. ,»"'»'"' 
Control Groups: Number of animals varies according to number of test groups. 

Tumor Transfer 
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Implant: Inject Lp. 

Size of Implant: 0.1 ml of diluted ascitic fluid containing 10 5 cells. 
Time of Transfer for Propagation: Day 6 or 7. 
Time of Transfer for Testing: Day 6 or 7. 

Testing Schedule 

Day 0: Implant tumor. Prepare materials! Run positive control in every odd-numbered 
experiment. Record survivors daily. 

Day 1: Weigh and randomize animals. Begin treatment with therapeutic composition. 
Typically, mice receive 1mg of peptid^-superantigen polymer or polymer conjugate in 0.5 ml 
saline. Controls receive saline alone. The treatment is given as one dose per week. Any 
surviving mice are sacrificed after 4 weeks of therapy. 
Day 5: Weigh animals and record. 

Day 20: If there are no survivors except those treated with positive control compound, ' 
evaluate study. 

Day 30: Kill all survivors and evaluate experiment. 
Quality Control 

Acceptable control survival time is 8-10 days. Positive control compound is S^fluorouracil;; 
single dose is 200 mg/kg/injection, intermittent dose is 60 mg/kg/injectioh, ahd chronic dose is 
20 mg/kg/injection. Ratio of tumor to control (T/C) lower limit for positive control compound is 
135%. 

Evaluation 

Compute mean animal weight on Days 1 and,5, and.at the completion of testing compute T/C 
for all test groups with >65% survivors on Day 5. A T/C value < 85% indicates a toxic test. An 
initial T/C >125% is considered necessary to demonstrate activity. A reproduced T/C >125% 
is considered worthy of a further study. For confirmed activity a composition should have two 
multi-dose assays that produce a T/C > 125%.. 

C. Melanotic Melanoma B16 

Summary: Tumor homogenate is implanted ip or sc in BDF1 mice: Treatment begins 24 
hours after eight ip or sc implant or is delayed until an sc tumor of specialized size (usually 
approximately 400 mg) can be palpated. Results expressed as a percentage of control 
survival time. The peptide-superantigen polymeric composition is administered ip, and the 
parameter is mean survival time. Origin of tumor line: arose spontaneously in 1954 on the 
skih at the base of the ear in a C57BL/6. mouse. Handbook on Genetically Standardized Jax 
Mice. Roscoe B. Jackson Memorial Laboratory, Bar Harbor Maine, 1962. See also Ann NY 
Acad Sci 100, Parts 1 and 2, 1963. 
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Animals 



Propagation: C57BU6 mice.. _ - 

» SfS" . — of m for nraies and ,7,,or 

S^ 3 ' One sex used for all test and control animals in one experiment. 
Pvnpriment Size- Ten animals per test group. * 
ComrT^ouTs: Number of animals varies according to number of test groups. 

Tumor Transfer 

implant: Implant fragment sc by trochar or 12-guage needle ? r ^^p enate(8ie ;> 
below) every 10-14 days into axillary region with puncture in inguinal reg.on. 

of cold balanced salt solution and Homogenize, and 

implant 0.5 ml of this tumor homogenate ip or sc. 
Fragment: A 25-mg fragment may be implanted sc. 

Testing Schedule 

Day 0- Implant tumor. Prepare materials. Run positive control in every odd-numbered ; 

- ^SSSSl, Begin treatment With therapeu^ 
^caHy.mkreceivelmgoXpept^ 

receive saline alone. The treatment is given as one dose per week. Any survivir y 
sacrificed after 8 weeks of therapy. 

S !2KU — treated with positive oontroi co W o W d. 

evaluate study. 

Day 30: Kill all survivors and evaluate experiment. 
Quality Control ,\ 

Acceptable control survival time is 14-22 days. Positive ^control f ^^^j^S Is 
single" dose is 200 mg/kg/injection, ^^^^^^^^^L^ is 
20 mg/kg/injection. Ratio of tumor to control (T/C) lower limit tor positive «j 
135% Check control deaths, no takes, etc.. 



Evaluation 



Compute mean animal weight on Days f and ^^^^^^^^2^ 
for .U test groups with >65% survivors on Day £A TIC jJSSd T/C >125* 
initial T/C >125% is considered necessary to demonstrate activity. A reprouu 
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is considered worthy of a further study. For confirmed activity a composition should have two 
multi-dose assays that produce a T/C > 125%. 

Metastasis after IV Injection of Tumor Cells 

105 B16 melanoma cells in 0.3 ml saline are injected intravenously in C57BL76 mice. ; 
The 'mice are treated intravenously with 1 mg of peptide-superantigen polymers or polymer 
conjugate in 0.5 ml saline. Controls receive saline alone. The treatment is given as one dose 
per week. Mice are sacrificed after 4 weeks of therapy, the lungs are removed and . 
metastases^ are enumerated. 

C. 3LL Lewis Lung Carcinoma 

Summary: Tumor may be implanted sc as a 2-4 mm fragment, or im as a 2 x 10 6 -cell 
inoculum. Treatment begins ^4 hours after implant or is delayed until a tumor of specified 
size (usually approximately 400 mg) can be palpated. The peptide-superantigen polymeric . 
composition is administered ip daily for 11 days and the results are expressed as a 
percentage of the control. \. 

Origin of tumor line: arose spontaneously in 1951 as a carcinoma of the lung in a C57BL/6 
mouse. Cancer Res i 5:39, 1955. See, also Malave, I. et al. f J. Nat l. Cane. Inst. 62:83-88 
(1979). * : 

Animals 

Propagation: C57BL/6 mice. 

Testing; r .BDE1 mic<? oirC3H- / . 

Weight: Within a 3-g weight range, with a minimum weight of 18,g for males and 17 g for 

females.. .< v V : t ' .< 

Sex: One sex use for all test and control animals in one experiment.. . r 

Experiment size: Six animals per test group for sc implant, or ten for im implant; For control 

groups, the mumber of animals varies according to number of t§St groups. 

Tumor Transfer v 

Implant: ilnject cells im in hind legj or implant fragment sc in axiljary region with puncture in 
inguinal, regjon. 

Time of transfer for Progagation: Days 12-14. 
Time of stransferfor Testing: Days 12-14: 



Testing Schedule 

Day O: Implant tumor. Prepare materials. Run positive control in every odd-numbered 
experiment. Record survivors daily: 

Day 1 : Weigh and randomize animals. Begin treatment with therapeutic composition. 
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t mraiiv' mice receive 1mg of peptide-superantigen polymer or polymer conjugate in (15 ml 
surviving mice are sacrificed after 4 weeks of therapy. 

1% S"™ a « mose .rea.ed wUh positive con.ro, co m pound. 
evaluate study. 

Final Day: Kill all survivors and evaluate experiment, 
qualit y Control 

. . n ^ v/ 19 it ; snn-2500 ma Acceptable im tumor median survival 

Saw 

Days 1-11. Check control deaths, no takes, etc.. 
Evaluation 

actSy a synthetic must have two multi-dose assays (each performed at a d.fferent 
laboratory); a natural product must have two different samples. 

D. 3LL Lewis Luna Carrinoma M etastasis Model 

TS^B O^SS^.S a... Invasion Metas. t' 
NatT Cane. Inst 69:975-980 (1982); Hilgard.P. et al., Br. J. Cancer 35.78-86 (1977)). 

Mice are male inbred C57BL/6 mice, 2-3 months old. 

Tumor The 3LL Lewis Lung Carcinoma was maintained by sc transfers in C57BL/6 

or intrafoot pad transplantation, this tumjproduces me^es,^ 
deferentially in^the tu^s. Single-cell suspensions ^ ^^^^^ SssXpH 

appearance and the diameters of established tumors are ^ ^^ l ^^o. 5 ^ 
Typically, mice receive 1 mg of peptide-supe rant.gen per week, 

saline. Controls receive saline alone. The treatmenUs g.v -en ^ dK«W^ : 
In experiments involving tumor exc.s.on m.ce with , tumors 8 -10 mm n . d ^ te tne kne e 
into two groups. In one group, te 9 s ^"^ ^ols, 

ZStS^ 
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metastasis, ruling out possible effects of anesthesia, stress or surgery. Surgery is performed 
under Nembutal anesthesia (60 mg veterinary Nembutal per kg body weight). 

Determination of Metastases, Spread and Growth 

Mice are killed 10-14 days after amputation. Lungs are removed and weighed. Lungs 
are fixed in Bouin's solution and the number of visible metastases is recorded. The diameters 
of the metastases are also measured using a binbcular stereoscope equipped with a 
micrometer-containing-ocular under BX magnification. On the basis of the recorded s 
diameters, it is possible to calculate the volume of each metastasis. To determine the-total 
volume of metastases per lung, the mean number of visible metastases is multiplied by the 
mean volume of metastases. To further determine metastatic growth, it is possible to measure 
incorporation of 125 ldUrd into lung cells (Thakur, M.L et al., J. Lab. Clin. Med, 89:217-228 
(1977) Ten days following turner amputation, 25 mg of fluorodeoxyuridine is inoculated into 
the peritoneums.oMumo.r-bearing. (and, if used, tumor-resected mice. After 30 min, mice are 
given 1 mCi of 12S ldUrd (iododeoxyuridine). One day later, lungs and spleens are removed 
and weighed, and a degree of m ldUrd incorporation is measured using a gamma counter. 

Statistics- Values representing the incidence of metastases and their growth in the lungs-of 
tumorrbearing mice are not normally distributed. Therefore, non-parametric statistics such as 
the Mann-Whitney Utest may be used for analysis.' 

Study of this model by Gorelik et al. (1980, supra) showed that the size of the tumor cell 
inoculum determined the extent of metastatic growth. The rate of metastasis in the lungs of 
operated mice was different from primary tumor-bearing mice. Thus in the lungs of mice in _ 
which the primary tumor had been induced by inoculation of large doses of 3LL celts(1-5x 
10 6 ) followed by surgical removal, the number of metastases was lower than that in „ 
nonoperated tumor-bearing mice, though the volume of metastases was higher than in the 
nonoperated controls. Using 125,dUrd incorporation as a measured of lung metastases, no 
significant differences were found between the lungs of tumor-excised mice and tumor-bearing 
mice originally inoculated with 1 x 10 s 3LL cells. Amputation of tumors produced following 
inoculation of 1 x 1 0 s tumor cells dramatically accelerated metastatic growth. These results 
were in accord with the survival of mice after excision of local tumors. The phenomenon of 
acceleration of metastatic growth following excision of local tumors had been observed by 
other investigators. The growth rate and incidence of pulmonary metastases were highest in 
mice inoculated with the lowest' doses (3 x 10 4 -T x 10*) of tumor cells and characterized by 
the longest latency periods before local tumor appearance. Immunosuppression acceieratea 
metastatic growth, though nonimmunologic mechanisms participate in the control exerted by 

the local tumor on lung metastasis development. These observations have implications Tor 

the prognosis of patients who undergo cancer surgery. , ., 

E. Walker Carcinosarcoma 256 " 

Summary: Tumor may be implanted sc in the axillary region as a 2-6 mm fragment, im in the 5 
thigh as a 0 2-ml inoculum of tumor homogenate containing 10 viable cells, or ip as a 0.1 -mi 
suspension containing 10 s viable cells. Peptide-superantigen polymeric composition 
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treatment is usually ip. Origin of tumor line: arose spontaneously in 1928 in the region of the 
mammary gland of a pregnant albino rat. J Natl Cancer Inst 13:1356, 1953. 

Animals 

Propagation: Random-bred albino Sprague-Dawley rats. 
Testing- Fischer 344 rats or random-bred albino rats. 

Weight Range: 50-70 g (maximum of 10-g weight range within each experiment). 
Sex One sex used for all test and control, animals in one experiment. 
Experiment Size: Six animals per test group. For control groups, the number Of animals 
varies according to the number of test groups. 

time of tumor Transfer 

Time of transfer for Propagation: Day 7 for im or ip implant; Days 1.1 -1 3 for sc implant, 
time of transfer for Testing: Day 7 for im or ip implant: Days 1 1-13 for sc implant; 

Tumor Transfer 

Sc fragment implant is by trochar or 1 2-guage needle into axillary region with P^ure in . 
inguinal area. Im implant is with 0.2 ml of tumor homogenate (containing 10 viable ee Is) i into 
the thigh. Ip implant is with 0.1 ml of suspension (containing 10 viable cells) into the ip : 
cavity. ri •- ni • 

Testing Schedule 

Prepare and administer peptide-superantigen polymeric compositions on days' 1-9. Weigh 
animals on dkys l 'and 5 and evaluate on day 30. 

Day.0: Implant tumor Prepare materials. Run positive control in every odd-numcerea 
experiment. Record survivors daily. — .• 

Day 1;^ Weigh and randomize animals. 

Final Day: Kill all survivors and evaluate experiment. ^ ; - 

Quality Control 

Acceptable im tumor weight or survival time: 3-12 g. or 5WA21: 5-9 days. 

Evaluation " . . '" -'c-..,,.- 

Compute mean animal weight when appropriate, and, at the completion pftesUi^oiittpute' T/C 
for all test groups. When the parameter is tumor weight, a reproducible TC < 4Z /* is 
considered necessary to demonstrate activity. When the parameter is s 4 u ^ a ' I'^'fmed 
reproducible T/C > 125% is considered necessary to demonstrate activity. For confirmed 
activity a .therapeutic agent must have activity in two multi-dose assays. 

F. A20 lymphoma 
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10 6 murine A20 lymphoma cells in 0.3 ml saline are injected subcutaneously in BALB/c 
mL The mice are treated intravenously with 1 mg peptide-superanfgen polymer or 
nnLmpr coniuaates in 0 5 ml saline. Controls receive saline alone. The treatment is given as 
one dos ^per week. Tumor growth is monitored daily by physical measurement of tumor size 
and calculation of total tumor volume. After 4 weeks of therapy the mice are sacrificed 
AddiSnaHumor models of carcinoma and sarcoma originating from various primary sites and 
prepared as established tumors are primary and/or metastatic s.tes will be utilized to test 
further the efficacy of the peptide-superantigen polymers. 



EXAMPLE 21 



Heterossecifjc Antingn-Supexanti nen Pol ymers t o Produce Tolerance in Recipients of 
Heterologous O r g*" Transpla n ts: Tolerance Inducing Regimen in Rec.p.ents of Organ 
Heteroqrafts : 

Iniect superantigen^xGal conjugate in doses of 1 ng to 100 mg (molar ratios of SAG to cxGal I of 
1 To to 1 106) using parenteral or oral route of administration. The conjugates may be placed 
in appropriate vehicles as given in Example 6 and infused over 1-4 hours in 500 c of norma, 
saline The dose may be repeated every 2 and/or 3rd day depending on the strength of 
tolerance produced. Antibodies specific for aGal would be expected to increase in.tiaHy 
during the sensitization phase and then begin to decline as anergy to the "Gal antigen 
prevails When titers are undetectable, the recipients would then be transplanted with the 
heteroqraft Anergy may also be produced in recipients of organ heterografts Dy 
adrnSng theaGa, and superantigen sequentially at 2 or 3 day inters. ~v f 
transgenic animals could be created using the transgene for a1 . 3-galactosyl-transferase witn 
the appropriate tissue specific promoter to produce organs that do e ^ ess ^.^f blQCk 
antigen. In addition anti-sense nucleotides may be used to bind and disable proteins o block 
function by preventing the translation of messenger RNA (mRNAlmto protein. The anti-sense 
nucleotides for the a-Gal system will block the synthesis of the somatic gene product , 
anti-sense nucleotides may be delivered parenteral^ or directly into organs or attached to 
proteins or liposomes. 
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T? FFFR FNCES 

All Publications, patents, and patent applications referenced in this application are 
specifically incorporated by reference. ^MK^n 

This application hereby incorporates by reference U.S. patent applications 07/416,5^0, 
filed October 3 1 989, U.S. patent application 07/466,577, filed January 17, 1 990, U.S. patent 
application 07/891,718, filed June 1, 1992, US: patent application 08/025,144, filed March 2, 
1 993 U S patent application 08/189,424, filed January 31, 1994 ; U.S. patent application 
08/491 746 filed June 19, 1995, PCT application PCT/US91/00342, and PCT/US94/02339. In 
the event that any material in the applications incorporated by reference is found to conflict 
between the different applications and such material is necessary to support the claims, the 
information disclosed in the later filed application is to take precedence. 

F QU I VAUNTS o{th e inventions described herein are provided: The person 

Many embodiment of me mvenno humflto^s equivalents 

°o! ^S^*^*"^ r**™* are intented to be within the scope 

of the following claims. 
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CLAIMS 

What is claimed is: 

1 . A method of treating cancer in a patient, said method comprising the steps of, incubating a 
lymphocyte population with a tumor specific antigen, 

incubating said lymphocyte population with a superantigen, 
introducing said lymphocyte population into said patient. 

2. A method according to claim 1, said method further comprising the step of culturing at 
least a portion of the lymphocyte population in vitro before introducing the lymphocyte 
population into the patient. ^ 

3. A method according to claim 1, wherein the lymphocyte population is enriched for 
lymphocytes expressing a predominant T cell VP phenotype after stimulation with tumor 
specific antigen, and wherein the superantigen selectively expands T cell clones expressing 
the major V p phenotype. 

4. A method according to claim 1, wherein the superantigen is selected from the group 
consisting of Staphylococcus aureus toxic shock syndrome toxin, a Streptococcus pyrogenic 
exotoxin, a Mycoplasma arthritides toxin, Yersinia enterocolitica toxin, 

5. A method according to claim 1, wherein the tumor specific antigen is selected from the group 
consisting of MAGE- 1, MAGE-3, MART-1, tyrosinase, . 

6. A method according to claim 3, wherein the superantigen is conjugated to the tumor 
specific antigen. ^ 

7. A method according to claim 6, wherein the superantigen is chemically conjugated to the 
tumor specific antigen. 

8. A method according to claim 4, wherein the superantigen is conjugated to the tumor 
specific antigen as a fusion protein. 

9. A method according to claim 1; said method ? further comprising the step, of incubating the 
lymphocyte population with a compound selected from the group of class I molecules, class II 
molecules, and B-7. 

10. A method according to claim 1, said method further comprising the step of transfecting the 
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cancer cells in patieni with a genetic construction for the expression of a protein selected from 
the group consisting of tumor specific antigen genes, superantigen genes, class I 
histocompatibility antigen genes, class EL histocompatibility, wherein said protein is expressed on 
the surface of the tumor. 



Klfr • A method of treating an autoimmune disease in apatient, said method comprising the .. 
steps of, incuWahg a tfnpWyte popiiWtiotf vrith^autoimmune-chsease w*tiv* mm, 
incubating said lymphocyte population with a superantigen, 
introducing said lymphocyte population into said patient. 

ft* A method according to claimft said method further comprising the step of culturing at 
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least a portion of the lymphocyte population in vitro before introducing the lymphocyte 
population into the patient. 

vT- 

<3B^ A method according to claim wherein the lymphocyte population is enriched for 
lymphocytes expressing a predominant T cell V p phenotype after stimulation with the 
autoimmune e disease reactive antigen, and wherein the superantigen selectively expands Tcell 
clones expressing the major VP phenotype. 

J8l A method according to claim 3&, wherein the superantigen is selected from the group, 
consisting of Staphylococcus aureus toxic shock syndrome toxin, a Streptococcus pyrogenic- 
exotoxin, a Mycoplasma arthritides toxin, Yersinia enterocolitica toxin, 



I fa 

A method according to clainf®, wherein the autoimmune disease reactive antigen is selected 
from the group consisting of myelin basic protein, type I histocompatibility antigens, . 

A method according to claim wherein the superantigen is conjugated to the 
autoimmune disease reactive antigen. 

^ A method according to claim 'if; wherein the superantigen is chemically conjugated to the 
the autoimmune disease reactive antigen. 

gfc A method according to claim 2fi , wherein the superantigen is conjugated to the 
autoimmune disease reactive antigen as a fusion protein. . ,.j 

A pharmaceutical compound comprising a therapeutic antigen and superantigen, wherein said 
super antigen is conjugated to the therapeutic antigen. 

-U v ■ ' - 

Sfr. A pharmaceudcal compound according to claim wherein the thecapeuac antigen is tumor 

specific antigen. ^ . . , . 

A pharmaceudcal compound according to claim .0 , wherein the tumor specific anugen is 
selected from the group consisting of MAGE- 1 , MAGE-3, MART- 1 ^tyrosinase , ■ 

-v> xJ) • .... 

A pharmaceutical compound according to claim WW, wherein the, therapeutic antigen is an 

autoimmune disease reactive antigen. 

A pharmaceudcal compound according to claim S>, wherein the 
autoimmune disease reactive antigen is selected from the group consisting of myelin basic protein, 



4%. A pharmaceutical compound according to claim 38, wherein the therapeutic protein is 
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chemically conjugated to the therapeutic antigen. 

3^ A pharmaceutical compound according to claim 2ft. wherein the therapeutic protein is 
chemically conjugated to the therapeutic antigen as a fusion protein. 

A method of treating cancer, said method comprising the step of administering a 
therapeutically effective amount of a compound according to claim 

^ A method of treating an autoimmune disease, said method comprising the step of ^ 
administering a therapeutically effective amount of a compound according to claim 2*. 

3?£ A method of making an immunotherapeutic polymer, said method comprising the steps of 
mixing a plurality of first subunits with a plurality of second subunits, wherein the first subunits 
are superantigens and the second^ubunits are immunotherapeutic antigens, 
crosslinking the first and second subunits in random combination. 

An immunotherapeutic polymer made by the process of claim ». 

|£. A recombinant host cell genetically modified for the expression of a polynucleotide encoding a 
protein, said protein selected f rom the group consisting of selected from the group consisting 
superantigens, tumdr peptides, HLA class H antigens, HLA-A1, wherein the host cell is tumor cell 
derived from a patient of interest. 

-yu C: • ' - ..... < ■ 

pharmaceutical compound comprsing an immunotherapeutic antigen and a superantigen, 
wherein the immunotherapeutic antige is of bacterial, protozoal, or viral origen. 

4*. A method of treating infectious disease, said method comprsing ;the steps of administering a 
therapeutically effective amount of a compound according to claim 4B.^ 

42r.A pharmaceutical compound comprising an immunotherapeudc antigen and a superantigen, 
wherein the immunotherapeutic antigen is a heterograft specific antigen. 

4fo.A method of introducing a heterograft into a patient, said method comprsing the steps 
rejection, said method comprising the steps of, 
introducing an inimunb therapeutic anugen into the patient, 
introducing a superantigen into the patient, and 
introducing heterograft into a padent. 
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anergizing the immuine system of a patient 
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The enterotoxins are also 
capable of stimulating the 
production of numerous 
cytokines, in particular interferon 
gamma and beta as well as 
interleukin 1 and 2 and tumor 
necrosis factor. The enterotoxins 
might selectively direct 
presensitized tumor specific T 
cells to differentiate into 
interferon producing Th-1 T cells 
possibly under the influence of 
IL-12. Interferon y induced by the 
initial in : vivo administration of 
SEB in the model given above 
may have upreguiated class II 
receptor expression on antigen 
presenting cells creating 
additional sites for SEB binding 
in situ with subsequent injections. 
Hence, an enhancement of 
interferon y production by tumor 
cells may have 
to the potent 
effects noted with 
Indeed, significant 
SEB and 
mediated tumor 



specific T 
contributed 
tumoricidal 
SEB. 
augmentation 
interleukin 2 



FIGURE 1 

specific T cell proliferation 
mediated by SEB and IL-2 in vivo 
coupled with enhanced interferon 
production by this subpopulation 
may account for the antitumor 
response noted with SEB. 
Hence, we attempted to confirm the antitumor effects observed in the rabbit carcinoma system 
with SEB by testing this agent in a second tumor model, namely the murine MCA 205/207 
sarcoma with established pulmonary metastases. This is a particularly challenging 
therapeutic model since it is resistant to IL-2 therapy. Moreover, it permitted the elucidation 
of the T cell subsets involved in the antitumor effects. Additional objectives of this 
collaboration were: a) to determine the V0 profile of lymphocytes in tumor draining lymph 
nodes activated by SEB, b) to determine the specificity of the tumor killing effects reduced by 
SEB, c) to identify the Vp restricted clone(s) responsible for the tumoricidal effect, d) to 
determine the mechanism of tumor cell killing induced by the SEB activated T cells population. 
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FIGURE 3 
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